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Nasal Kosinophilia in So-called Bacterial Hypersensitivity 
in Asthmatic Children 


Preliminary Report 


by KJELL AAS 


The question of bacterial hypersensi- 
tivity in bronchial asthma has occasioned 
much controversy. Some allergists claim 
that bacteria or parts of the bacteria act 
as genuine antigens. Others believe that 
infections act solely as provocative fac- 
tors. The former school of thought ad- 
_vocates the use of bacterial vaccines, 
_while the latter is more negative in ap- 


_ proach to such treatment. This controversy 
is partly a result of our inadequate me- 


thods for proving or disproving the exist- 
ence and/or significance of bacterial hy- 
persensitivity. 

In the Children’s Department of the 
Oslo University Hospital some investiga- 
tions related to these problems are being 
carried out. This is a preliminary report 
of some of the results. 

A central question raised is whether 
patients with 
show specific allergic reactions to bac- 


any bronchial asthma 
terial vaccines, i.e. do the bacterial vac- 
cies In use contain any significant anti- 
gen? 

Theoretically an increase of the eosino- 

ilia in the nasal secretion after applica- 
‘on of a test extract may signify that the 
> tract carries antigenic qualities unless 
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it is strongly irritative to the mucosa. 
This seems true in specific allergies. Cor- 
responding reactions could be expected 
in possible bacterial hypersensitivities caus- 
ing bronchial asthma at least in the pro- 
portion of cases in which the mucosa of 
the nasal cavity is representative of the 
bronchial mucosa as regards eosinophilia. 

In acute exacerbations of bronchial 
asthma an increase in nasal eosinophilia is 
commonly found. The exacerbation may 
be regarded as a positive reaction to un- 
wanted and unplanned provocations hav- 
ing much in common with planned ones. 
Parallels may be drawn. 

After numerous examinations for nasal 
eosinophilia in connection with provoca- 
tion tests in specific hypersensitivities, 
we have started a search for corresponding 
reactions toward the bacterial vaccines 
commonly used. 


Material 


For practical purposes we started to exa- 
mine specially selected patients. This was 
necessary principally because the patients 
had to be closely observed in the Hospital 
for some time. For the examinations, those 
patients have been picked who presumably 


4 


suffered from ‘“‘bacterial allergy” satisfying 
the following conditions: (1) recurrent at- 
tacks of bronchial asthma following upper 
respiratory tract infections such as common 
colds ete., (2) tendency to attacks or exa- 
cerbations of the allergic symptoms within 
the first few days of such infections, (3) no 
traceable specific hypersensitivities that may 
be connected with the patients symptoms 
(after thorough examinations including skin 
testing and provocation procedures). 

Of 153 asthmatic children seen in the Out 
Patient Department or hospitalized during a 
8 months period, 29 patients were selected 
as satisfying the criteria mentioned. Sixteen 
children were under 4 years of age and 
fourteen of these were considered unfit for 
the studies. These omitted patients however 
were examined with respect to their reactions 
to vaccine injections. Fifteen patients full- 
filled all conditions stated and were tested 
with the methods described (Group A). 

Parallel to these, the same methods 
were used in testing 13 other asthmatic 
children with known specific hypersensitivi- 
ties (Group B). 

An additional group of 16 
selected asthmatic children was tested with 
single applications. These latter patients 
suffered from partly known specific hyper- 
in most of the cases the 
precipitated by 


randomly 


sensitivities and 
asthmatic attacks 
common colds (Group C). 


were 


Methods 


From the older children the secretion was 
easily obtained by allowing the patient to 
blow the nose in a soft plastic ‘‘handker- 
chief’, and partly by gently swabbing the 
nasal mucosa with a thin cotton-tipped 
metal string. When the swab was used, it 
was firmly pressed against the mucosa of the 
posterior nasal cavity for a minute or so. 
The latter method was uniformly employed 
in the youngest age groups. 

The secretion was spread on a slide with as 
few manipulations as possible, dried in air 
without heating and stained with the May- 
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Griinewald stain for 3-5 minutes. To ok- 
tain optimum staining buffered water wit. 
a pH 5.8 was used as a solute. The slide was 
examined under the immersion oil lens and 
with optimal light conditions. For analysis 
the examiner must rely on a method cf 
grading the amount of eosinophilia. A scale 
modified after Hansel, Andersen & Koch 
was found valuable (1, 7). 

Nasal secretion was obtained several 
times during the first two days of the in- 
vestigational period. From each swabbing at 
least two slides were made. The eosinophilia 
was jugded, and the slide with the highest 
grade picked as control for the later ones. 

Local application: One nostril was tam- 
poned, gently but firmly, and the tampon 
was repeatedly saturated with the fluid in 
question. The fluids employed in this series 
were: Controls (1) 0.9% sodium chloride, 
(2) Coca solution, (3) pollen- or house dust 
extracts, (4) ‘‘vaccine’’ made of indifferent 
diphteroids; Test series: (5) anticatarrh vac- 
cine SIFF (stock vaccine), (6) staphylococcus 
aureus vaccine Bencard, (7) autogenous vac- 
cine containing staphylococcus aureus or 
vaccine of isolated staphylococcus aureus 
from the patient in question. For the nasal 
applications all vaccines were employed un- 
diluted, and the fluids applied in the se- 
quence mentioned. 

The tampon was removed after a few 
hours (usually 3-5) and was as a rule found 
to be covered with mucus which was used 
for examination. Secretion was at the same 
time obtained by the methods described, 
and this was repeated at intervals during 
the following 48 hours. A new tamponade 
was then done unless a persisting increase 
in the eosinophilia had been found. In the 
latter case no new tamponade was done until 
repeated checks showed an eosinophilia at 
the starting value or lower. 

Systemic application. Finally the patiert 
received a subcutaneous injection of fluid 
no. 4 with subsequent examinations of tke 
nasal secretion during 4 days, and on the 
5th day an injection of fluid nos. 5, 6 or 7 wes 
given followed by nasal swabbings. The dose 
given in injection was variable. Those pa- 
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local applications were given 0.5 ml of the 
i i or 1/10 dilution. Those with presumed 
positive reactions were given 0.5 ml of dilu- 
tions of 1/10000. To save hospitalization 
time the completing tests had to be perfor- 
mcd while ambulatory in a few cases. None 
of these belonged to the positively reacting 


group. 


Results 


Of the 15 patients in Group A, 3 had 
to be omitted because of persistent high- 
grade eosinophilia during the entire hos- 
pital stay. Two other children showed in- 
creased eosinophilia on the control ex- 
tracts and not on the test extracts. These 
reactions were found after application of 
house dust extract and Coca solution re- 
spectively, partly giving a clue to specific 


_hypersensitivities not formerly found in 


\these patients. Seven of the remaining 
ireus 


patients showed no eosinophil response 
whatsoever. 

Three patients, however, reacted with 
a significant eosinophilic increase after 
application of the test fluids and not on 
the controls. The positive responses were 
reproducible. In two of the three patients 
a marked rise in the secretion eosinophi- 
lia was also found after the injection of 
autogenous vaccine and stock vaccine 
respectively. The maximum rise here was 
found after 36 and 48 hours. Focal reac- 


_ tions including sibilous sounds on ausculta- 
tion were encountered in the same two 


ptients. 

In the third patient no change in eo- 
si.ophilia was found after the injection 
ad no focal asthmatic reaction was ob- 
srved following it. This patient, however, 
a quired an otitis media of the ‘‘catarrhal”’ 
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type on the tested side 24 hours after the 
local application of the stock vaccine. 

It is noteworthy that the patient with 
the most marked eosinophilia (and focal 
reactions) had received stock vaccine in- 
jections regularly during the preceding 
three with several 
moderate to severe asthmatic reactions 


years instances of 
following even minute doses. 

In Group B, none of the 13 children 
reacted to the bacterial vaccines. Among 
the 5 patients suffering from known 
hypersensitivity to house dust, four 
showed increased nasal eosinophilia after 
the house dust application. One of these 
patients suffered from slight asthmatic 
symptoms including scattered  sibilous 
sounds on auscultation the day after the 
bacterial vaccine injection (dose 0.5 ml 
of the 1/10 dilution). A slight temperature 
rise and some tenderness at the injection 
site was observed in several instances 
following the bacterial vaccine in this 
group, as well as in the other groups. A 
similar reaction was found after fluid 
number 4 as well. In no case in Group B 
was an eosinophilic response found after 
the injections. 

The Group C patients were tested with 
intranasal vaccine applications only. Con- 
trol applications were not done. Fifteen 
patients showed no eosinophilic response. 
One child, however, clearly reacted posi- 
tively on the first stock vaccine applica- 
tion. When retested no change in eosino- 
philia could be found on repeated exami- 
nations. The eosinophilia first encounte- 
red may have been caused by accidental 
circumstances such as chance dust expo- 
sure or a slight infection. 

The 14 children under 4 years given 


stock vaccine injections reacted with 
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some tenderness locally and/or a_ slight 
temperature rise. None of them reacted 
with exacerbations of the allergic disease. 

Several of the children in all groups had 
formerly received stock vaccine injec- 
tions, some undiluted and others in mi- 
nute doses. No significant differences be- 
tween these and the unvaccinated ones 
could be found except in the one positive 


child in Group A. 


Discussion 


The etiologic diagnosis of ‘bacterial 
allergy” is for the present time not well 
based. More objective criteria should be 
sought for. Bergquist has experimented 
with combined extracts from mucus mem- 
branes and bacteria (2). The experiments 
links 


however and ascertained results are still 


are encumbered with some weak 
awaited. The leukocyte incubation method 
of Blatt (3) is applicable in the deter- 
mination of bacterial cellular antigenicity 
of the delayed reaction type. In bronchial 
asthma the of the 
atopic immediate reaction type. and no 


tissue response is 
conclusions can be drawn from the cel- 
lular antigenic qualities of bacteria (4). 

Our method has weak links as well. 
On the one hand, technical difficulties are 
met with. Eosinophilia in secretions is 
very often difficult to judge quantita- 
tively. Counting in percentages is not 
satisfactory, and a rough estimate must 
frequently be relied on. The increase in 
eosinophilia noted in our study has been 
so convincing, however, that the examiner 
is left without doubt. On the other hand, 
some uncertain eosinophilic changes have 
occurred in the “negative” group. Such 
uncertain changes have not resulted in 
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any sort of hypothesis here although some 
of them might have some significance. 

Rajke (8) claims that the nasal mucosi 
as an allergic responding organ is no 
representative for the mucosa behind the 
nasal cavity, including the bronchial tree. 
Certainly it is true that increased nasa! 
eosinophilia does not necessarily indicate 
an allergic state in the bronchi. We are 
nevertheless convinced that in children 
the allergic state of the bronchi most fre- 
quently is associated with an_ allergic 
reactivity of similar quality in the nasal 
mucosa. This opinion is obviously shared 
by many allergists, and Ryssing has re- 
cently shown that clinically observable 
allergic manifestations in the nose and 
bronchi combined are found in 67 % of 
children on provocative testing (9). In 
bronchial hypersensitivities of a specific 
type the nasal mucosa most frequently 
reacts allergically to the antigen in ques- 
tion. A study in this Hospital of the fre- 
quency of nasal eosinophilia in asthmatic 
children is in progress. One hundred and 
eighteen patients are hitherto included in 
this series. Of the children suffering from 
severe asthma every one shows nasa! 
eosinophilia. Seventy-eight % of those 
with moderate asthma and about 60 % 
of those with mild asthma show eosino- 
philia in the nasal secretion. Fourty-eight 
patients were examined in this respect 
when having symptoms and all but four 
showed pathological nasal eosinophilia 

More questionable is whether the positive 
reactions described in connection with th« 
vaccine applications indicate that the pa 
tient suffers from a true bacterial hyper 
sensitivity. In the nasal cavity bacteria are 
normally found in astronomic numbers 
and if one accepts the hypothesis of signi. 
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ant bacterial antigenicity, these bacteria 
coretically may be responsible for the 
ithological secretion with eosinophilia 
oand even between asthmatic attacks. 


\Ve find difficulties in explaining how the 
application of proportionately inconsider- 
able amounts of bacteria may release an 
allergic reaction. The fact that the reac- 
tion is reproducable with the bacterial 
vaccine while not with the controls sug- 
vests nevertheless that the vaccine em- 
ployed contains an antigen of signifi- 
cance. Changes forced on the bacteria 
through the vaccine preparation process 
as for example crushing, decomposition or 
release of incorporated antigenic sub- 
stances may theoretically play a role. 
Non-specific protein components must 
also be taken into consideration. 

A specific allergic reaction toward the 
bacterial vaccines could easily be ex- 
plained in patients who previously had 
received similar vaccine injections. In 
such cases an assertion that the vaccina- 
tions contrary to the purpose had sensi- 
tized the patient, could rest uncontradic- 
ted. Examples of such appropriate sensi- 
tizing effects are known to most allergists 
(5). One of our patients lends himself to 
such argumentation, but the other two do 
not. 

Non-specific irritations (thermal, me- 
chanical and chemical) may cause an in- 
crease in the secretion eosinophilia as 
well as clinical exacerbations of the al- 
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lergic disease. The positive reactions de- 


scribed may be due to irritative properties 
of the test solution. When such reactions 
are not observed in the control experi- 
ments, as for example after the applica- 
tion of diphteroid vaccine, it is tempting 
to assume that the “irritation” is syno- 
nymous with ‘‘antigenic quality”’. 

This assumption is supported by the 
findings of eosinophilic increases after the 
parenteral injections of the vaccine that 
showed activity on nasal applications, 
compared to the failure to respond to con- 
trol fluid injections. Support is also found 
in the observation of asthmatic symptoms 
provoked by test vaccine injections in 
minute doses. 

The 
further investigations in this important 


field. 


observations obtained stimulate 


Summary 


A preliminary report is given of some 
studies concerning bacterial vaccines in 
asthmatic children. A method is introdu- 
ced in which nasal eosinophilia is studied 
in connection with local applications of 
bacterial vaccines and controls. A repro- 
ducable positive response is found in 
three patients of a selected group suffering 
from presumed “bacterial allergy’. In 
two of these patients focal asthmatic reac- 
tions are observed following the injection 
of minute doses of the vaccine in ques- 
tion. The method is briefly discussed. 
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Precipitating Antibodies in Human Sera 


from Different Age Groups and in Colostrum as Determined by 


Streptococcal Antigens with Diffusion-in-Gel Methods 


by LARS A. HANSON and STIG E. HOLM 


The development of the serum proteins 
which show antibody activity, also called 
the immune globulins (13, 14), have re- 
cently been studied by immune electro- 
phoresis (24, 25). It has been observed that 
y-globulins appear in the serum of the fetus 
after 12 weeks of pregnancy. The foa- 
and f2y-globulins which also belong to 
the immune globulins are not found in the 
serum of the fetus and newborn but they 
appear during the first weeks after par- 
turition. The y-globulins of the newborn 
are derived from the mother via the pla- 
centa as shown by studies with labelled 
y-globulins (19, 20). Due to the disap- 
pearance of these y-globulins the level in 
the serum of the child decreases after 
hirth. At about the age of three months 
an increase of the y-globulin level can be 
observed as the y-globulin of the child 
counteracts the elimination (27). The y- 
globulin level then slowly increases to the 
adult value. 

This investigation is an attempt to 
rflect this development of the immune 


obulins by a study of precipitating anti- 
dies against 6-hemolytic streptococci in 
fferent age groups—fetal, newborn, child 
id adult. 


~ 


Material 


Antigens. Filtrates of 18 hour cultures of 
f-hemolytic streptococci (strain 8 84, Lance- 
field group A, Griffith Type 3) grown in 
beef heart infusion broth have been used. 
These antigen preparations were concen- 
trated about ten times by lyophylization or 
by pervaporation before use. 

Antisera. An immune serum from a horse 
immunized with f-hemolytic streptococci 
(strain Dochez N Y-5, Lancefield group A, 
Griffith Type 1) was used as a reference 
serum. Immune sera from sheep immunized 
with human blood plasma were used to 
joealize the different protein fractions of the 
electro-separated materials in the immune 
electrophoretic analyses. 

Patient material. Umbilical cord sera were 
obtained from legal and spontaneous abor- 
tions after 13-40 weeks of pregnancy as well 
as at full term deliveries. Sera were taken from 
the corresponding mothers. The material 
also included sera from children varying in 
age from a few days to 16 years. Sera from 
normal adults were used as a comparative 
material. 

All of the sera tested were taken from 
individuals without any recent history of 
streptococcal infections. The antistrepto- 
lysin O titer was determined and sera with a 
titer of 200 Todd units/ml or less were chosen. 
In some sera, mainly the fetal sera, the titer 
was not determined. 

Sera from individuals with an antistrepto- 
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lysin O titer of 400 Todd units/ml or more 
were analysed for comparative purposes. 

Colostrum samples were taken from some 
of the mothers within one day of parturition. 


Methods 


The double diffusion-in-gel analyses were 
performed according to Ouchterlony (28), 
as slightly modified by Hanson (9). The 
micro modification developed by Wads- 
worth (32) was also used to some extent. 
The electrophoretic technique of 
Grabar & Williams (5, 6) was employed in 
the modification reported by Wadsworth 
& Hanson (33). To demonstrate antibodies 
present in too low quantity to give visible 
precipitates with the standard immune 
electrophoretic technique a specially devised 
comparative immune electrophoretic technique 
described by Wadsworth & Hanson (33) was 
used. The antistreptolysin O determinations 
were performed at the Bacteriological La- 
boratory, Sahigren Hospital. The strepto- 
lysin O preparation used for the determina- 
tions was the same as the reference antigen 
employed in this study. In the routine 
method of this laboratory the results are 
recorded as titers 50, 100, 200 ete. Todd 
units/ml. 


immune 


Results 


In the comparative double diffusion 
experiments a reference spectrum was 
used which was formed by the strep- 
tococcal antigen and the reference horse 
immune serum. The spectrum consisted 
of twelve lines which were numbered 
1-XII (Fig. 1). Eleven of these were de- 
monstrated to be separate serological sy- 
stems, while systems IX and X seemed 
to be serologically related. Some of the 
antigenic factors represented by these 
lines have been identified with known 


streptococcal antigen preparations (16). 
Thus the lines I-IV were found to be con- 
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streptolysin C 


- 
=, 
STREPTOCOCCAL 
ANTIGEN 
xX XI 
Fig. 1. Diagrammatic representation of the re- 


ference spectrum formed by the streptococcal 

antigen preparation and the reference serum. 

The precipitation lines are numbered I-XII 
and the identified systems are indicated. 


nected with antigenic factors in the broth 
used for the cultures. The line VI identified 
with a purified Dick toxin, the line X with 
a pure streptolysin O preparation and the 
line XI with streptococcal DNAse. The 
reference spectrum did not show any line 
correlated to the M-antigen. The com- 
parative double diffusion analyses of the 
sera from fetuses, newborn and mothers 
with the reference spectrum were per- 
formed in five basin plates. As may be 
seen in Fig. 2 the antigen was placed 
in the two lower basins, the reference 
serum in the central upper basin and 
the two sera from the fetus or new- 
born and the corresponding mother wer» 
placed in the basins on each side of the 
reference serum basin. The sera fron 
children and adults were compared with th» 
reference spectrum in three basin plates. 

Several of the precipitating antibodie: 
in the analyzed sera could be identified 
by comparison with the reference spec- 
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nC 
AL 

re- 
cecal 
um 
XII Fig. 2. Photo of a comparative double diffusion analysis where the sera from a mother (right 

upper basin) and her child (left upper basin) are compared with the reference serum (central 
basin) by means of the streptococcal antigen (lower basins). 

oth 
ied TABLE 1. Serum components demonstrated in blood sera from different age groups by 
ith comparative analysis with the reference spectrum 
the 
iss Age Identified serum components Unidentified Number 
groups I I I IV V VIVIL VIITIX X XI XII components of cases 
ine 
m- 13-17 weeks 9 
the © 18-20, 4 3 6 4 8 4 16 

21-40, 2 & 8 9 
Newborns tte 8 11 15 
3-8, 2 15 

9-17 13 
1.5-2 years ] 2 2 18 

nd ,, fi ® 7 18 
— 13-16 ,, ] ] ] 9 14 16 12 11 11 19 
W- @ Adult 9 1 1 26 28 32 13 18 19 32 
ri Total 17 4 6 80 89113 60 59 83 209 
the - 
on) 


th: — tram (Table 1). The lines I-IV which cor- _ were only found in a few cases, while anti- 
es. 1 sponded to antigenic factors in the broth —_ bodies corresponding to the systems VIII, 
ies dd not identify with any lines formed XI and XII were found in about a third of 
iel «th the human sera. Antibodies corre- the examined sera. The precipitation lines 
ec- s; onding to the systems V, VI and VII IX and X, which may represent only one 
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Fig. 3. Graphic representation showing the average number of precipitating antibody componenis 
found in 342 human blood sera from different age groups. (This material includes 133 sera which 
were compared with another antiserum and therefore could not be inserted in Table I.) 


serological system, were the most fre- 
quently identified systems in the ana- 
lyzed material. Some of the demonstrated 
precipitation lines could not with cer- 
tainty be identified by means of the used 
reference serum. Qualitative differences 
between the identified antibody compo- 
nents in the various age groups could 
be noted. Differences between the total 
number of precipitating antibodies de- 
monstrated in these groups were also ob- 
served (Fig. 3). In the fetal material ta- 
ken after 13-17 weeks of pregnancy no se- 
rum contained precipitating antibodies 
against $-hemolytic streptococci, but after 
18-20 weeks of gestation the fetal sera 
1-2 


In the group of fetuses aborted after 21-40 


averaged precipitating antibodies. 


weeks of pregnancy an average number of 
4-5 precipitating antibody components 


was found. The same number was found 


in the umbilical cord sera from newborn 
delivered at full term. A decreasing fre- 
quency of antibodies was found after 
birth, and the lowest number was obtained 
in sera from children 9-17 months of age. 
After the age of 1.5 years the average num- 
ber of antibodies gradually increased to 
the same figure as found in the adult 
material. 

The comparison between the antibodies 
in the sera from the mothers and the cor- 
responding umbilical cord sera from the 
fetuses and newborn gave some informa- 
tion. The sera from the mothers of the fe- 
tuses aborted after 18-20 weeks all con- 
tained a large number of antibodies while 
in only half of the corresponding fetal 
sera precipitating antibodies were demon- 
strated. The average number of antibod: 
components in the fetal sera from this 
age group was lower than that found in th> 
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Fig. 4. Diagram showing the correlation between the number of precipitating antibody compo- 
nents found in the blood sera of 34 mothers and their newborn children. 


mothers’ sera (Fig. 3). The comparison in 
the next age group of 21-40 weeks of 
pregnancy indicated that the same num- 
ber of antibodies was found in the cor- 
responding maternal and fetal sera. This 
correlation was also demonstrated by the 
fact that the comparative analyses with 
the reference spectrum identified mainly 
the same antibodjes in the maternal and 
fetal sera. A similar comparison between 
the sera from newborn and their mothers 
showed a perfect positive correlation re- 
garding the number as well as the identity 
of the demonstrated lines (Fig. 4). In 15 
o! these cases antistreptolysin O deter- 
minations were performed. No difference 
c uld be found between the mothers and 
cir offspring. 

The relation between the titer of the 
siigle antibody, antistreptolysin O, and 


the more complete antibody content as 
determined by the Ouchterlony technique 
was studied. An increasing number of 
precipitating antibodies was found with 
an increasing antistreptolysin O titer as 
seen in Fig. 5. 

A possible source of immune globulins 
for the child may be the mother’s milk. 
For this reason colostrum samples were 
analyzed for the presence of antibodies 
revealed by our streptococcal antigen 
with the diffusion-in-gel techniques. In 
the 42 samples analyzed precipitating 
antibodies were demonstrated in about 
50 %. Only one antibody component was 
found in most of the colostrum specimens 
and the same antibody among several 
others was seen in the blood serum of the 
mother. 

Immune electrophoretic studies were 
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streptolysin O titers correlated to number of 
precipitating antibody components in 218 hu- 
man sera. 
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included in the investigation in order to 
determine the electrophoretic characte. 
ristics of the demonstrated immune glo. 
bulins. Some sera from each age group 
were examined and altogether 45 sera 
were analyzed in this respect. The sera 
were electrophoretically separated and 
thereafter analyzed with the streptococcal 
antigen (Fig. 6). The position of the dif. 
ferent serum protein fractions after the 
electrophoresis was determined by an 
anti-human plasma immune serum. In 
some instances the comparative immune 
electrophoretic technique had to be used 
in order to demonstrate the precipitating 
serum antibodies. They were found to 
be localized mainly in the f,- and in some 
cases also further out into the y-globulin 


region. In a few cases the precipitates. 


were localized more toward the /,-globulin 
area. No consistent differences .could he 
observed between the precipitates ob- 
tained with the sera from the various age 
groups. Some colostrum samples were also 
analyzed in this way. As a rule it was not 
possible to demonstrate the antibodies in 


HUMAN SERUM 


STREPTOCOCCAL 
ANTIGEN 
COLOSTRUM 
4 HUMAN SERUM 
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Fig. 6. Schematic representation of an immune electrophoretic analysis of human serum and 4 
comparative immune electrophoretic analysis of colostrum showing the localization of streptc- 
coccal antibodies. The electro-separated serum and colostrum were analyzed with a streptococci | 
antigen. The colostrum was supplemented with a serum containing streptococcal antibodies 
in order to obtain a visible precipitate. The localization of the serum fractions, as indicated in the 
upper part of the figure, was determined with an anti-human plasma immune serum. (The sepé - 


rated materials are underlined.) 
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“th: colostrum with the standard immune 


el. ‘rophoretic technique since they were 
present in too low quantity to form visible 
precipitates. Thus the comparative modi- 
fication of the immune electrophoresis 


was utilized. Such an analysis is shown in 
Fig. 6 where electro-separated colostrum 
was analyzed with the streptococcal anti- 
vei diffusing from a longitudinal basin 
parallel to the direction of the electro- 
separation. Additional antigenic material 
containing the same antibody as the colos- 
trum in a higher concentration and dif- 
fusing from the other longitudinal basin 
was required to demonstrate the presence 
of the antibodies in colostrum. The anti- 
hodies against /-hemolytic streptococci 
found in colostrum were mainly localized 
in the #,-globulin region. 


Discussion 


The problems concerning the transfer 
of antibodies from mother to offspring 
have been reviewed by Vahlquist (29, 30). 
It is there stated that antibodies are 
principally transferred to the fetus in 
utero. Vahlquist, Lagercrantz & Nord- 
bring (31) have shown that antistrepto- 
lysin O antibodies appeared in the blood 
of the fetus after the middle of gestation. 
We found precipitating streptococcal anti- 
bodies in fetal sera before 20 weeks of 
pregnancy as reported in a preliminary 
note (15). This is in accordance with the 
findings of y-globulins in fetal sera after 
12 weeks of pregnancy (24, 25). The pas- 
save of y-globulins through the placenta 
from the mother to the fetus is well il- 


_lustrated by the good correlation we 


foind between the antibodies demon- 


st ated in the sera from mother and fetus 
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as early as after 21 weeks of gestation. 
This relationship persisted until at birth a 
perfect positive correlation was obtained 
when identical antibodies were found in 
the sera from the mother and newborn. In 
addition the characteristics observed in 
immune electrophoretic analyses were 
mainly the same in all of the age groups. 
The antistreptolysin O titers were the same 
in the analyzed pairs. The lastmentioned 
finding is not in agreement with a report 
by Stiick & Silomon (26) and others con- 
cerning streptolysin O titers in sera from 
newborn and mothers but seems to be sup- 
ported by the studies of Adamson, L6f- 
gren & Malmnas (1). The titre steps in 
our antistreptolysin O determination may 
have been too great to point up minor 
differences in levels of antibodies. By the 
diffusion-in-gel techniques it was possible 
to compare not only a single but several 
streptococcal antibodies—still no differ- 
ences were noted. This may be in accord 
with the fact that the y-globulin levels of 
the mother and newborn are the same 
(21). The only immune globulins that exist 
in the fetal serum before birth are y-glo- 
bulins, while the and /2y-globulins 
not appear until after parturition (13, 25). 
This means that from an immunological 
point of view the streptococcal antibo- 
dies are likely to be y-globulins and that 
they are not related to f24- or Boy-glo- 
bulins. 

After birth the elimination of the pas- 
sively acquired antibodies was reflected 
by a decreasing number of precipitating 
antibodies in the sera from children. 
The decreasing part of the curve (Fig. 3) is 
presumably related to the half-life of y- 
globulins reported to be about 20 days 
(3, 34). After an average value of compo- 
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nents which was almost zero in the age 
group of 9-17 months an increase was ob- 
served which illustrates the phase of the 
active immunization. The level of the adult 
was then gradually reached. Between the 
age groups 3-5 and 6-8 years a marked 
increase was noted (Fig. 3). This may re- 
flect repeated streptococcal infections at 
the beginning of the school age. 

Antistreptolysin O antibodies in hu- 
man colostrum have been studied (18, 22). 
In addition by employing diffusion-in-gel 
methods other streptococcal antibodies 
have here been investigated. They were 
found to be localized in about the same 
region as the serum antibodies after im- 
mune electrophoresis. The immune globu- 
lin fraction of human milk has been shown 
to contain y-, and f2,-globulins (7, 
10, 11). The streptococcal antibodies in 
the milk belonged to the y-globulins as 
did the serum antibodies. The antibodies 
in human milk are considered, however, 
to be of negligible importance to the child 
(20, 21, 22, 23, 30) although some kinds of 
antibodies occur in high amount in the 
milk and do not seem to pass the placenta 
to any great extent (2, 18). 

A few investigators have used diffu- 
sion-in-gel methods to analyze streptococ- 
cal antibodies in human sera (4, 8, 9, 12). 
With sera from normal adults Halbert, 
Swick & Sonn found between 0 and 4 
lines, Hanson found between 1 and 7 
with an average of 3 to 4 lines. Bonilla- 
Soto & Pomales-Lebron reported an aver- 
age of 2.45 lines for a similar material. In 
a material of sera from individuals with 
streptococcal infections or rheumatic fever 
Halbert et al. found between 2 and 7 
lines, while Hanson found between 2 and 
9. Similar results were obtained by Harris, 
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Harris & Ogburn who used the Oudin 
technique. The present investigation on a 
larger material confirms the earlier results, 
The results of the analyses of the sera fron 
children and newborn babies are main:y 
in agreement with the findings of Bonilla- 
Soto et al. obtained from a similar material. 
The fact that in this study a higher num- 
ber of lines were found in the analyses of 
human sera than in the other reports may 
be due to differences in the used techni- 
ques and antigen preparations. Refilling of 
the basins in the double diffusion analyses 
has been done. This procedure has been 
reported to give rise to artefacts in some 
instances (17). That no such artefacts 
have influenced the presented results has 
been controlled by the use of the known 
reference spectrum included in all per- 
formed experiments. 

Streptococcal infections during the phase 
of active immunization give an immune 
response that is reflected by the demon- 
strated gel precipitation patterns. The 
immune response seems to be the result 
of repeated infections over a long period 
of time and is therefore not remarkably 
affected by acute infections as shown by the 
diffusion-in-gel methods (9). This was also 
indicated by the fact that a lack of strep- 
tococcal antibodies was detected only in 
the sera from the youngest children 
while sera from adults with few excep- 
tions contained several antibodies. That 
some changes in the gel precipitation pat- 
terns occurred after streptococcal infec- 
tions was evident, however, as some cor- 
relation between the number of lines an1 
various antistreptolysin O titers existed 
(Fig. 5). The antistreptolysin O antibody 
was the most frequently identified ant - 
body in the analyzed sera. This suggests 
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the antistreptolysin O determina- 
ti . may be a good indicator of the pres- 
ene of streptococcal infections. 


Summary 


‘he development of the immune glo- 
hulins was studied by means of the de- 
termination of precipitating antibodies 
against f-hemolytic streptococci in sera 
from different age groups—fetal, newborn, 
child and adult. The analyses were per- 
formed with diffusion-in-gel methods. 

In fetal sera after 18-20 weeks of gesta- 
tion precipitating antibodies were found, 
but in a lower number than in the sera 
from the corresponding mothers. The 
same number of antibodies were found in 
the maternal and umbilical cord sera after 
21-40 weeks of gestation as well as at 
parturition. The antistreptolysin O titer 
was also the same in the sera from the 
mothers and newborn. From birth till the 


_age of 9-17 months a decreasing number of 


antibodies was seen. From this age a slow 
increase was noted and the level which 
was found i the adult material was ap- 
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proached in the age group of 13-16 years. 
The same immune electrophoretic char- 
acteristics was demonstrated for the anti- 
bodies in the different groups of sera as in 
colostrum. 

Finally a positive correlation was found 
between the number of precipitating anti- 
bodies and the antistreptolysin O titers. 
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Congenital Obstructive Emphysema in Infants 


by M. EIKEN 


Localized pulmonary emphysema _ is 
relatively common in infants with respira- 
torv infections, following aspiration of 
foreign bodies and less common as a result 
of compression of a bronchus by enlarged 
lymph nodes or a lung cyst. However, a 
few cases of localized emphysema which 
appear to be of congenital origin have 
been reported. 

The aetiology is generally believed to be 
some form of obstruction of a bronchus, 


‘the passage of air being relatively un- 


inti- 


ther 
10, 


and 
etal 
int i- 


» for 
in 
957. 
tro- 
odi- 
que. 


hindered during inspiration, but inhibited 
or completely blocked during expiration. 
Thus, aspiration of viscous mucus in the 
course of pneumonia may cause atelectasis 
or emphysema, according to whether the 
obstruction is complete or incomplete. 


In congenital emphysema various forms 


of obstruction have been demonstrated. 
The commonest finding is a defective de- 
velopment of the cartilaginous rings in 
areas of the bronchial wall (4, 7, 9, 15, 16, 
19, 20). In other cases the cause was 
thought to be a redundant mucosal flap 


jacting as a check-valve (8, 13, 18), compres- 


sion due to a patent ductus arteriosus (8), 
or a dilated vein (18) or stenosis without 


‘}d-monstrable changes of the cartilaginous 


tissue (10). In 24 out of the 50 recorded 
2— 60173111 Acta Pediatrica Vol. 50 


cases of congenital emphysema, however, 
no obstruction was found (1, 3, 6, 8, 11, 
12, 15, 18, 20, 22, 23, 24, 25) despite the 
fact that operation or autopsy had been 
perforiied in all but 7 of these cases. In 3 
instances kinking of a bronchus was 
believed to be an aetiological factor (12, 
14). That an abnormal development of 
the elastic tissue of the lung might be 
responsible in some of these cases has also 
been considered (23), but this presumption 
has never been confirmed. 

A few patients have shown signs of 
heart disease (10, 20), two had a large 
defect in the anterior mediastinum (9, 
14), and in one case a diaphragmatic 
hernia was revealed (24). As a rule, how- 
ever, this form of congenital emphysema 
does not appear to be accompanied by 
other developmental anomalies. 

Recently, a few cases of a special form 
of emphysema have been reported, i.e. 
obstructive emphysema comprising the 
entire right lung or in exceptional cases 
both lungs. This kind of emphysema is 
due to compression of the right main 
bronchus or of the distal end of the trachea 
by an anomalous course of the left pul- 
monary artery (5, 17, and others). This 
anomaly differs from those mentioned 
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above in being frequently associated with 
other vascular malformations, such as an 
abnormal origin of the arteries from the 
aortic arch, dextroposition or coarctation 
of the aorta, persisting left superior vena 
cava, or septal defect. 

The clinical signs of congenital localized 
emphysema generally appear within the 
first of life, 
respiratory difficulty, 


months characterized by 


often with pro- 
longed expiration, usually a dry cough, 
Often 


nutritional disturbances are the result of 


and not infrequently cyanosis. 
the dyspnoea. These signs are due to the 
emphysema causing a more or less pro- 
nounced compression atelectasis of the 
other parts of the lungs, primarily homo- 
laterally, but often also contralaterally, 
the heart and mediastinum being dis- 
placed towards the good side. Infection of 
the respiratory tract is generally not 
present initially, and if so, one may doubt 
the congenital origin. On the other hand, 
secondary infection aggravating the con- 
dition is not uncommon. As a result, the 
extent of the emphysema may vary, but it 
is characteristic that without treatment 
the disease runs a chronic course and that 
complete, spontaneous regression seems 
to be exceptional. 

Probably, milder cases of congenital 
obstructive emphysema may occur without 
clinical signs in infancy, as several repor- 
ted cases of obstructive emphysema in 
adults appear to have been of congenital 
origin (2, 21 and others). 

At the Copenhagen County Hospital, 
Gentofte, 
localized emphysema of apparently con- 


we have observed 3 cases of 


genital origin which will be reported here. 


CasE 1. N.B.-C. A boy, aged 2} months, 


was admitted in 1952 after a routine investi- 
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gation had revealed enlargement of the liver 
and spleen. 

He had been born 3 weeks premature .y, 
but the birth history was otherwise norm i, 
His birth weight was 3400 g and his length 
50 em. Prior to admission he had been in 
good health except that he failed to thrive. 

On admission he was a thin, but other. 
wise normal-looking infant weighing 4100 g, 
with a slight, dry cough, but normal tein- 
perature. The liver and spleen were palpated 
as far as 3 to 4 em below the costal border, 
but 
Laboratory examinations, bone marrow exa- 


no other abnormalities were observed. 


minations, and repeated differential blood 
counts failed to reveal any abnormalities. 
Moro’s reaction and Wassermann reaction 
were negative. Throughout his stay in hos- 
pital, the boy seemed to be entirely unatf- 
fected, but he took his feedings only with 
reluctance and continued to thrive poorly. 
The first X-ray examination of the chest, 
taken 2 months after admission, disclosed a 
distinctly increased air content in the left 
hemithorax as well as a displacement of the 
heart and mediastinum to the right (Fig. 1). 
Repeated X-ray examinations during the 
remainder of his stay showed these findings 
almost unchanged. Since the pulmonary 
changes were interpreted as a possible left- 
sided pneumothorax, puncture of the left 
pleura in two sites was attempted about 
24 but without 


result. 


months after admission, 


During the subsequent 53 


temperature was somewhat fluctuating, but 
apart from this there were no abnormal 
findings. When the temperature had been 
normal for one month, the patient was dis- 


months the 


charged. He was then almost 1 year old. 
He was re-admitted at the age of 2 
3 months, because he still failed to thrive. 


yea 


His height was now 84 em and his weight 
10 kg (average 89 em/12.2 kg.). The liver and 
spleen were still palpable and X-ray ex: - 
mination showed an unmistakable emphy- 
sema of the left lung with flattening of tle 
diaphragm, but without any cardiac di:- 
placement worth mentioning. Five days after 
admission, he developed an upper respiratot y 


- 


Fig. | 
age. 
the le 
sed lo 
media 
intect 
durin 
grapk 
brone 
only 
brone 
Le 
emph 
was 
On 
physe 
the a 
where 
affect 
Micro 
from | 
in the 
of th 
tree Vv 
\ft 
forme 
lively 
4 no 
‘AS 
tr 
m ont 
Sl pic 


|| 
| 
| 
| 


iver 


ey, 
mal, 
1eth 
in 
‘ive, 
her- 
0 g, 
ein- 
uted 
der, 
ved, 
ood 
pion 
108- 
vith 
rly. 
est, 
da 
left 
the 

1). 
the 
nys 
ary 
left 
out 


out 


the 
ut 
nal 
en 


_— 


CONGENITAL OBSTRUCTIVE EMPHYSEMA IN INFANTS 


- $2 


Fig. 1. Case 1, N. B.-C. Chest at 4 $ months of 

age. Severe emphysema of left upper lobe. Over 

the left diaphragm the shadow of the compres- 

sed lower lobe. Displacement of the heart and 

mediastinum to the right and depression of the 
diaphragm. 


infection, and similar attacks continued 
during the subsequent 2 months. Broncho- 
graphy showed basal displacement of the 
bronchial tree on the left side and filling of 
only the central 2 em of the left upper lobe 
bronchus. 

Left-sided thoracotomy disclosed severe 
emphysema of the upper lobe, so lobectomy 
was performed. 

On examination of the specimen the em- 
physema was found toinvolve predominantly 
the anterior and apical-posterior segments, 
whereas the lingula was only moderately 
affected. No check-valve was demonstrable. 
examination revealed 


Microscopic apart 


from the emphysema— inflammatory changes 
in the bronchi and bronchioles. No anomaly 
of the cartilaginous rings in the bronchial 
tree was found. 

\fter discharge, the boy was as if trans- 
formed. He thrived well and was much more 
than When 
4 months after the operation, he was still 


lively previously. last seen, 


m king good progress. 


‘ASE 2. T.H. A boy, 10 days old, was 
tr nsferred in 1958 from a maternity depart- 


nm nt because of chondrodystrophy and a 
si picion of heart disease. His birth was nor- 


19 


month. 


Fig. 2. Case 2, T.H., aged 1 Unmis- 
takable emphysema of the left upper lobe with 
displacement of the great vessels to the right 
and flattening of both leaves of the diaphragm. 


mal except for a slight asphyxia, but the fol- 
lowing 3 days he had repeated attacks of 
cyanosis, and at one time he showed signs of 
cerebral hypoxia. During the subsequent 
days, he rallied, but was still cyanosed when 
crying. 

On admission, he showed distinct retrac- 
tion along the costal borders during respira- 
tion, but no cyanosis at rest. There was no 
elevation of temperature and no signs of 
respiratory infection. Physical examination 
showed his head to be strikingly large com- 
pared with his trunk, and hypertelorism, 
mild micrognathia and palatoschisis were 
noted. His chest was deformed, the sternum 
being short and very prominent, and he had 
a mild kyphoscoliosis of the dorsal spine. 
No auscultatory changes over the heart or 
lungs were heard. Limbs were very short, and 
both elbow joints were 45— short of full ex- 
tension. His hands and feet were plump, and 
his spleen and liver were palpable below 
the X-ray of 
the chest failed to show enlargement of the 
heart, but the great vessels were displaced to 
the right and there was emphysema of the 
left lung (Fig. 2). Similar, but less marked 
changes were seen on films taken at the age 


costal borders. examination 


of 8 days. X-ray examination of the limbs 


F 
lis- 
ld. 
it 
nd 
re 
i 


Case 2, months. Bron- 


T.H., aged 5 
chography showing constriction and incomplete 
filling of a bronchus to the left upper lobe at its 
site of origin from the main bronchus. The other 
bronchial branches to the left lung are displaced 
basally. 


Fig. 3. 


showed changes corresponding to those seen 
in hypoplastic achondroplasia. Subluxation 
of both elbow joints was observed. 

While in hospital, the patient had nu- 
merous attacks of cyanosis, especially when 
erying and taking food. He developed a 
cough, gradually with production of ample 
mucus. Repeated aspirations were of merely 
transient effect, and most of the time he had 
to be kept in an oxygen tent. Gradually, the 
condition improved so that, despite con- 
tinued respiratory difficulty, he could be 
discharged to his home when a little over 3 
months old. 

When 44 months old he was re-admitted 
because of upper respiratory infection of 8 
days’ duration. His condition was about the 
same as on his first admission. Broncho- 
graphy revealed narrowing of the central 
part of the left upper lobe bronchus with in- 
the 


remaining branches of the bronchial tree 


complete peripheral filling, whereas 
were displaced basally (Fig. 3), The exa- 
mination also aroused suspicion of a similar 


narrowing of a right middle lobe bronchus. 
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Fig. 4. Case 3, K.F., aged 2 days. Pronounced 
emphysema of the left upper lobe with com. 
pression atelectasis of the left lower lobe and 
right upper lobe. The arrows indicate the out- 
lines of the left lung. Marked rotation of th 
heart and depression of the diaphragm. 


Since repated X-ray examinations showed 
increasing emphysema of the left upper lobe. 
left-sided thoracotomy was performed when 
the patient was 5} months of age. The 
apico-pectoral part of the left upper lobe 
was found to be highly emphysematous and 
extended through the anterior mediastinum 
into the right hemithorax. Resection of the 
anterior and apical-posterior segments was 
performed. Postoperatively, the lung ex- 
panded well, but despite intermittent arti- 
ficial ventilation through a tracheal tube, the 
patient’s condition deteriorated and he died 
6 days later. 

Examination of the removed segments oi 
lung showed the segmental bronchi to have 
been cut peripheral to the narrowing visual- 
ized by bronchography. On histological exa- 
mination the lung tissue was emphysema- 
tous, but without pneumonic changes ol 
specific inflammation. The bronchi and 
bronchioles were somewhat ectatic. 

Autopsy revealed bilateral pneumotho- 
rax, with total collapse of both lungs, aid 
cor pulmonale. 
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Fig. 5. Case 3, K.F., aged 2 days. On a lateral 

view of the chest the left upper lobe may be seen 

forcing itself in front of the heart and elevating 

the sternum. Marked depression of the dia- 
phragm. 


CasE 3. K.F. A boy, 1 day old, admitted 
in the spring of 1960. After delivery, which 
was uncomplicated, he had _ cried 
taneously. His birth weight was 3320 g and 
his length 51 cm. A few hours later, his 
breathing became laboured, and he develo- 
ped cyanosis when crying. 


spon- 


On admission, auscultation revealed the 
respiratory sounds over the left hemithorax 
to be diminished, the heart displaced to the 
right, but no murmurs. The liver and 
spleen were distinctly palpable. E.C.G. in- 
dicated right axis deviation, but no other 
definite abnormalities. X-ray examination 
of the chest revealed severe emphysema of 
left upper lobe, the heart being dis- 
pleced backward and to the right (Figs. 4 
| 5) and the left lung extending through 
th: anterior mediastinum far into the right 
he nithorax. there was an 
m stakable depression and flattening of the 
di phragm. 

During 


Moreover, un- 


the subsequent 


The 


days, further 
infant turned 


cerbation occurred. 
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Fig. 6. Case 3, K.F., 11 days after resection of the 

left upper lobe. The drain has just been removed, 

and some pleural changes still remain at its 

former site in the apex, but the left lower lobe 
has expanded satisfactorily. 


cyanotic upon the slightest exertion and re- 
quired pure oxygen. Repeated X-ray exa- 
mination showed increasing emphysema of 
the left lung, and at the age of 4 days thora- 
cotomy was carried out as an emergency 
procedure. The emphysematous left upper 
lobe was removed and the bronchus cut at 
its site of origin from the main bronchus. 

The postoperative course was uneventful. 
The compressed right upper lobe and left 
lower lobe expanded well, the cyanosis 
ceased completely, and 17 days after the 
operation the patient could be discharged 
(Fig. 6). 

The removed lobe showed a short 
striction of the main bronchus to the upper 


con- 


lobe, about 4 mm peripheral to where it 
had been severed. At this site, the lumen 
was less than 1 in diameter, while 


otherwise the bronchi were slightly ectatic. 


mm 


Microscopic examination showed the carti- 
lage to be normally developed. The lung tis- 
sue was emphysematous, but without in- 
flammatory changes. 


Discussion 


According to previous reports, congeni- 
tal emphysema has often given rise to 
great diagnostic difficulties, and many 
cases have been erroneously diagnosed at 
first. The differential diagnosis includes 
mainly (1) obstructive emphysema due to 
other causes, especially in pneumonia and 
aspiration of foreign bodies, (2) compensa- 
tory emphysema in pneumonia, atelec- 
tasis or hypoplasia of other lung segments, 
(3) pulmonary cysts, (4) pneumothorax, 
(5) diaphragmatic hernia, and (6) heart 
disease. 

Most 
terized by compromised function of parts 


of these conditions are charac- 


of the lung. As a result, the clinical signs, 
dyspnoea, cough, and varying degrees of 
cyanosis, as well as the auscultatory find- 
ings are uncharacteristic, and radiography 
is of decisive diagnostic importance. 

Congenital emphysema practically al- 
ways involves the upper lobes or the right 
middle lobe. The lower lobe does not ap- 
pear to have been involved except in 
one case (3). As another characteristic, it is 
nearly always lobar, whereas infectious 
obstructive emphysema generally mani- 
fests itself in the form of small, localized 
translucencies or else, especially in staphy- 
lococcal pneumonia, develops into cyst- 
like cavities, the so-called pneumatoceles. 
These changes may vary in appearance 
from day to day, and as a rule they soon 
yield to conservative treatment. 

Aspirated foreign bodies, if not radio- 
paque and visible on a plain film, may 
usually be demonstrated by bronchogra- 
phy or bronchoscopy. 

In cases of cysts, the diagnosis may 


usually be made by demonstrating the 
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wall of the cyst, and here tomography n ay 


be helpful. Incidentally, congenital cm. 
physema may often run a more alarm ng 


course than the cysts (3). 

Pneumothorax may generally be ruled! 
out by demonstrating the scanty, but 20-4 
mogeneous pattern of the emphysena- 
tous lung. Most difficulties are encoun. 
tered in cases of partial pneumothorax in} 
which case screening and oblique exposu- | 
res may be required. 

Diaphragmatic hernia ought not to give! 
rise to much diagnostic difficulty. At, 
times, a contrast medium may have to be 
given orally in order to confirm the diag. 
nosis. 

Differentiation from compensatory em- 
physema is usually possible by screening 
the chest. In compensatory emphysema 
the heart and mediastinum become dis-} 
placed away from the emphysematous 
side during inspiration, while in obstructive 
emphysema they are fixed or shifted to. 
ward the emphysema during inspiration 
Furthermore, in obstructive emphysema 
there is usually depression and flattening 
of the diaphragm with reduced excursions. } 

Extended knowledge of congenital lobai 
emphysema and of the differential diagnos- 
tic problems should in most cases permit 
the correct diagnosis by comparing the 
results of repeated X-ray examinations 
with the history and clinical course. 

A congenital aetiology in the present 
cases is indicated first and foremost by tix 
apparent absence of primary pulmona7y 
infection. It is characteristic, moreover. 
that in all three cases the signs appeared 
immediately after birth, in one only in tx 
form of failure to thrive, but in the oth2 
two as dyspnoea and cyanosis. In all thre 
cases the liver and spleen were found to ‘¢ 
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pa pable below the costal border, no doubt 
because both leaves of the diaphragm 
were depressed. 

There is reason to stress the chronic 
course in the first two cases. Obstructive 
the course of 


emphysema arising in 


pneumonia usually disappears rapidly, 
within days or weeks, whereas congenital 
emphysema takes a chronic and not un- 
commonly progressive course in most of 
those cases which have been observed. 
A few cases with spontaneous, but in- 
complete remission have been reported 
(3, 11, 22). 

Secondary respiratory infections are 
not uncommon in congenital emphysema, 
and the bronchitic changes found in the 
lobe removed from Case 1 do not militate 
ayvainst a congenital origin. 

In the other two patients, the assump- 
tion of a congenital aetiology is further 
supported by the absence of inflammatory 
changes in the removed lobes and by the 
bronchographic and pathological findings 
respectively. Considering the chondrodys- 
trophy in one of the cases, the possibility 
of localized chondromalacia of the bron- 
chial tree being responsible for the bron- 
chographie changes is present, although it 
was not demonstrated histologically. 


Treatment 


In order to prevent deformity of the 
chest, secondary infections leading to 
acute exacerbation, and not least the risk 
‘f complications due to hypoxia, surgery 
is usually indicated as soon as possible. 
't should consist in removing the em- 
‘hysematous segments of the lung after 
‘hich the infants generally recover and 
evelop normally. Only a few of the pa- 
‘tents (11, 15, 20) appear to have remained 


particularly prone to respiratory infections 
leading to transient emphysematous chan- 
ges in the lungs. 

In a few cases, attempts have been made 
to relieve the discomfort by direct puncture 
of the emphysematous segment of the 
Kornbold & Baker (12) used this 
procedure successfully in two cases which 


lung. 


remained free of recurrence for 6 months. 
In other cases, this treatment has been 
ineffective (9, 11, 15, 18), and in two it has 
even given rise to complicating tension 
pneumothorax with a fatal issue. As a 
result most authors now advise against 
this method. 


Summary 

Three cases of congenital emphysema in 
infants are reported. All had _ clinical 
signs from birth and were treated by 
operation at the age of 2} years, 5} 
months, and 4 days respectively. Likely 
causes of the emphysema, in the form of 
narrowing of the respective bronchi, were 
found in only two of the patients, one of 
whom was also suffering from hypoplastic 
achondroplasia. 

Aetiology, clinical features, and dif- 
ferential diagnosis are discussed, and the 
importance of early diagnosis and treat- 
ment is stressed. 

Obstructive emphysema of congenital 
origin has to be considered as a differential 
diagnostic possibility, when an_ infant 
shows signs of respiratory disorder, con- 
sisting in dyspnoea, cough, and possibly 
cyanosis during the first months of life. 

The diagnosis is based primarily upon 
the radiographic changes in conjunction 
with the history and clinical course. 

As a rule, the course is chronic. In most 
cases the treatment is surgical, viz. resec- 
tion of the emphysematous segments. 
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De; artment of Child Health, University of Cape Town, and Red Cross War Memorial 
Children’s Hospital, Rondebosch, Cape Town, South Africa 


The Effect of Intramuscular Iron-dextran Complex’ on [ron-deficiency 
Anaemia in Otherwise II] Infants and Pre-school Children 


by PHILIP LANZKOWSKY? 


Introduction 


This paper describes a trial of intra- 
muscular iron-dextran complex in the 
treatment of iron-deficiency anaemia in 
ill Cape Coloured and African? infants 
and pre-school children attending the 
Out-patient Department of the Red 
Cross War Memorial Children’s Hospital 
in Cape Town. 

Parenteral therapy was especially cho- 
sen for treatment of these ill children since 
this was the only way of ensuring that 
they received the prescribed dose of iron. 


' Imferon, Benger Laboratories Limited, 
England. 
2 Cecil John Adams Memorial Travelling 


Fellow, 1960, and recipient of a Dr. C. L. Her- 
man Research Grant, University of Cape Town 
Staff Research Fund. 

%’ The Cape Coloured people are of mixed 
etlinie origin and descended from various indi- 
genous and imported groups: Slaves, Hotten- 
tots, Bushmen, Bantu and Europeans. The 
Africans, also referred to as ‘‘Bantu”’ or ‘‘Na- 
tives” consist of various tribes of indigenous 
groups of Southern Bantu. These people have a 
poor socio-economic status very much inferior to 
that of the White people. The African people 
occupy the lowest socio-economic position, 
w! ereas the Cape Coloured community is inter- 
m-diate between the White and African. Both 
C: pe Coloureds and Africans are ethnically 
“ron-White” and their social conditions are 
ular to those of technically less advanced 
nmunities. 


8 


It also eliminated frequent hospital visits 
and its attendant domestic difficulties. 

Although oral iron is effective if given 
continuously for long periods, parents 
may fail for various reasons to administer 
it regularly and children may not readily 
accept the medication. The prevalence of 
acute diarrhoeal disorders (gastroenteri- 
tis) amongst under-privileged children is 
another reason for the employment of 
parenteral iron, since it cannot be certain 
to what extent oral iron is absorbed from 
the gut in the presence of diarrhoea. 

Intravenously administered saccharated 
iron oxide is quite effective in the treat- 
ment of iron-deficiency anaemia. The 
technical difficulty of intravenous in- 
jections in small infants and the many 
recorded untoward reactions are the main 
disadvantages in its use. 

Intramusucular iron-dextran complex, 
on the other hand, is safe, effective and 
easily administered. In infants and chil- 
dren with iron-deficiency anaemia a few 
iron-dextran 
rapid 


workers have shown that 
complex results in a_ marked, 
haematological and clinical improvement 
and that it is free from any undesirable 


side-effects (2, 6, 19). 
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Present Investigation 
Material 
This investigation is based on a series of 
125 consecutive Cape Coloured and African 
infants and pre-school children attending 
the Out-patient of the Red 
Cross War Memorial Children’s Hospital in 


Department 


whom a diagnosis of iron-deficiency anaemia 
was made and who were treated with intra- 
The 


those at- 


muscular iron-dextran complex. pa- 


tients were taken seriatim from 


the 
various ailments. Acute diarrhoeal disorder 


tending out-patient department for 

(gastroenteritis) was the commonest illness 

The 


majority of illnesses were acute and usually 


amongst these infants and children. 
the duration was not more than a few days 
when the patient was brought to hospital. 
None presented primarily as cases of anae- 
mia. The fact that these infants and children 
were out-patient cases does not imply that 
they were only mildly ill and not needing 
admission to hospital. There were many 
cases needing hospitalization but because of 
the shortage of accommodation they could 
not be admitted. 

Any out-patient who showed clinical signs 
of dehydration or who had a blood dyscrasia, 
for example erythroblastosis foetalis or 
leukaemia, was excluded. The patients in- 
vestigated had not received iron other than 
that present in their usual diet. 

The 
£4.12 in the cases of Cape Coloured patients 
and £3.16 for African patients. This was 
determined by taking the weekly income of 


mean weekly family income was 


the head of the family in a sample of 50 
consecutive the racial 
groups. Adopting the criteria of Bronte- 
Stewart et al. (4) and Moodie (13), these 
that the Cape Coloured 
infants and children were from the ‘‘low in- 
the the 
“medium income” group in their respective 


patients in two 


figures indicate 


come” group and Africans from 
sections of the community. 

Of the Cape Coloured and African infants 
and children 50.3 % and 41.3 % respectively 
had been breast-fed for less than 3 months 


after birth. This is a much higher proportion 


than is found in healthy children in this 
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community (11, 12). In general, all th se 
patients had a poor dietary history. 
The diagnosis of iron-deficiency anaet iia 


was based on the level of haemoglobin and 
the morphology of the red blood corpuscles 
on the blood smear. The critical level of 
haemoglobin at or below which anaemia was 
considered to be present and iron mediva- 


tion administered was arbitrarily fixed at 
0.5 g% below the lowest figure accepted }y 
Wintrobe (18) as normal for each age group. } 

Concurrently with the necessary treatment 
for the presenting illness these infants and | 
children were treated for iron-deficiency | 
anaemia with iron-dextran complex given by 
deep intramuscular injection. The amount | 
of iron-dextran complex was calculated 
according to the original haemoglobin level 
and the body weight! and varied from 100 | 
to 400 mg (2-8 ml). 


Methods 


Blood for haemoglobin was taken from 
the heel prick of infants and the thumb of 
older children, using a triangular cutting 
needle. Free unrestricted flow without neces: 
sity for external pressure of any kind was 
obtained in all cases. 

Capillary blood, 0.02 ml, was pipetted 
into 5 ml of 0.04 % ammonia in water and the 
haemoglobin level read by the oxyhaemo- 


globin method using a Klett-Summerson 
Colorimeter previously calibrated for the 
purpose against standard haemin and cyan- 


Blood 
May-Grunewald 


methaemoglobin solutions. smears 


were stained by Giemsa 


method. 


Results 
Haemoglobin estimations were mace 


immediately before commencement of 


iron medication, and at three weeks and 
six weeks thereafter. 


1 The formula used was 9W + (100— Hb °,) } 
) 


mg of iron, 
where W = Weight of patient in pounds 
Hb % = Observed haemoglobin percentas:e 
(as recommended by the manufacturers of iro:- 
dextran complex). 
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Fig. 1. 


Mean haemoglobin levels in 125 ill Cape Coloured and 


African infants and pre-school 


children before and after treatment with intramuscular iron-dextran complex. 


Key: Initial Hb. , after 3 weeks 


The mean haemoglobin levels before 
and after treatment with iron are shown 
in Figure 1 and Table 1. The mean hae- 
moglobin levels before treatment ranged 
from 8.91 g % to 9.61 g % in the various 
age groups, at 3 weeks after the injection 
of iron the mean haemoglobin levels were 
found to range between 10.12 g% and 
19.80 g % and at 6 weeks after injection 
the mean haemoglobin levels had risen 
further to ranges between 10.75 g % and 
‘2.0 g%. The morphology of the red 
'lood corpuscles on the blood smear, 
wrior to treatment, showed all gradations 

f an iron-deficiency pattern. 
of the children showed severe 
intoward reactions after iron administra- 


None 


, after 6 weeks 


-, Normal value (Wintrobe) ----- 


tion. Occasionally fever lasting 24 to 48 
hours was observed and less commonly 
localized staining of the skin occurred 
when there was leakage beneath the skin 
if the iron was not given deep enough into 
the muscle, or because “streaking” oc- 
curred along the path of withdrawal of the 
needle. This was found to be of no conse- 
quence. There was no local tenderness, 
redness or swelling. The pain during ad- 
ministration, as judged by the reactions 
of the children, did not appear to be more 
than that occurring with any other in- 
tramuscular injection. 

It is clear that, in spite of the presence 
of an infection, there was a statistically 


significant increase in haemoglobin levels. 
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TABLE lI. 


Haemoglobin levels in 125 ill infants and children treated with intramuscul: r 


iron-deatran complex 


Post -treatment 


Pre-treatment 3 weeks 6 weeks 
Age Number Mean Number Mean Number Mean Significance 
(yrs.) of cases Hb. g. % of cases Hb. g. % of cases Hb.g. % P 
First 68 8.91 62 10.12 28 11.01 < 0.001 
1-2 34 8.45 33 10.20 13 10.75 < 0.001 
2-3 15 8.83 10 10.76 6 11.23 < 0.001 
3-4 8 9.61 5) 10.80 7 12.00 < 0.01 
Total 125 110 54 


(Significances calculated between pre-treatment & 6 wks. post-treatment levels.) 


It is also apparent that, even under the 
easiest conditions that could be devised, 
there was a very considerable defaulter 
list. Rather less than half of the children 
returned for follow-up haemoglobin esti- 
mations on the second scheduled date six 
weeks after the intramuscular injection of 
iron-dextran complex. This impairs full 
assessment of results but the number of 
patients who did attend for follow-up was 
sufficient to indicate that this form of 
treatment in sick children is undoubtedly 
beneficial. An approximate general rise 
of 2 g% of haemoglobin in 6 weeks is 
shown. The younger children responded 
better than the older ones. This was pro- 
bably related to the haemoglobin level, 
since the response to iron, generally speak- 
ing, varies inversely with the initial hae- 
moglobin level. 

The beneficial effects of intramuscular 
iron-dextran complex on the general well- 
being of the children was striking. An 
improvement in activity, colour and ap- 
petite was noted in virtually all the pa- 
tients and in many patients this was ap- 


parent within 2 to 3 days after treatment 
was started. Although this may have 
been partly due to concurrent therapy for 
presenting illness, parents commented on 
the better condition compared with the 
pre-illness state. Confirmation of the in- 
crease in appetite was given by the in- 
crease in weight which was a common and 
striking feature of the patients’ records. 

The results are presented here as evi- 
dence that 
complex can significantly raise the hae- 
moglobin level in infants and children who 


intramuscular iron-dextran 


have iron-deficiency anaemia and a varie- 
ty of associated illnesses, of all degrees 
of severity, and of largely undetermined 
duration. 

This treatment has also been applied 
to some in-patients, but the situation was 
usually complicated in these by the urgent 
need for fluid replacement or blood trans- 
fusion which makes an assessment of the 
results of treatment with intramuscular 
iron-dextran complex difficult. For this 
reason the results of treating the in-pa- 
tients with iron have not been analyzed 
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Discussion 
\fter intramuscular administration of 
iron-dextran complex, the rate of recovery 
from iron-deficiency anaemia depends on 
sev eral factors of which the mostimportant 
are the presence and severity of the as- 
sociated infection, the type of tissue into 
which the iron is injected, the mobiliza- 
tion of the limb and the initial degree of 
iron shortage. 

The anaemic sick infants and children 
in the present investigation responded 
well to intramuscular iron-dextran com- 
plex. The presence of acute infection, and 
of some infections which were of longer 
duration, did not prevent a significant in- 
crease in haemoglobin level. The duration 
of what has been called “‘acute infection”’ 
cannot be accurately and definitely deter- 
mined but generally was not more than a 
few days. Although they were all out- 
patients they were not all mildly ill. In- 
deed, an appreciable number of the pa- 
tients were severely ill. 

Absorption of intramuscular iron-dex- 
tran complex may be diminished if a pro- 
portion of the dose becomes trapped in 
the subcutaneous fat (8). The evidence of 
this is gross skin-staining after injections. 
In obese subjects particularly, some of 
the dose may enter fatty tissue (16). This 
is really due to faulty injection technique. 
Since the majority of the present subjects 
were undernourished, many of them 
grossly so, the factor of obesity need not 
he discussed any further. 

Another factor influencing absorption is 
the mobilization of the limb following in- 
tramuscular injection. Grimes & Hutt (8) 
stated that four of their patients were con- 
ined to bed at the time of the injection, 
-nd the least mobile showed the lowest 
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eventual clearance. They concluded that 
exercise of the limb after injection in- 
creases absorption, and that in obese im- 
mobile patients one should administer a 
dose slightly higher than the calculated 
requirement of iron. 

All the subjects of the present study 
were out-patients. It is reasonable to as- 
sume that all those over one year of age 
were more than ordinarily active since, for 
example, their economic circumstances 
would force them to walk where children 
in better circumstances are transported. 

In the investigation done by Waller- 
stein & Hoag (17) the magnitude of the 
haemoglobin response varied with the 
degree of anaemia. The haemoglobin le- 
vel in some of the children with severe 
anaemia increased by 4 % per day during 
the first week of treatment while others 
with less marked anaemia showed little or 
no measurable rise during that time. In 
the present investigation as well, the 
response to intramuscular iron-dextran 
appeared to vary inversely with the initial 
haemoglobin level. 

It was the author’s impression that im- 
provement in appetite and diminished ir- 
ritability after intramuscular iron-dextran 
complex appeared before any rise in hae- 
moglobin level was demonstrable. This 
rapid response was also observed by Yu 
et al. (19). Beutler’s (3) view is that part of 
the symptoms of iron-deficiency anaemia 
may be related to deprivation of tissue iron 
enzyme and not chiefly to the anaemia. 
He deduced this by showing a marked 
decrease in the cytochrome ec content of 
the liver and kidneys in iron-deficient 
rats. This decrease greatly exceeded the 
slight decrease in haemoglobin concentra- 
tion. 
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The total calculated dose of iron- 
dextran complex in this investigation was 
given at the initial consultation. This was 
done in order to reduce the number of 
hospital visits which in a poor community 
entails considerable financial and domes- 
tic hardship. Despite these very large do- 
ses no severe untoward local or systemic 
effects were observed. It should not, how- 
ever, be assumed that there is no limit 
to the amount which can be given. 

the 


ministration of parenteral iron considera- 


Prior to commencement of ad- 
tion was given to the possibility of pro- 
ducing haemosiderosis or haemachroma- 
tosis. Since there is no effective mechanism 
for iron excretion, injected iron is almost 
entirely retained and excessive therapy 
might lead to iron overload. Yu et al. (19) 
have stated that humans cannot excrete 
more than | mg of iron in 24 hours. There 
is a wide margin of safety, however, and 
at least 1 g of intramuscular iron-dextran 
complex may be given to infants with im- 
punity (17). The amount of iron needed to 
produce haemosiderosis or haemachroma- 
tosis is approximately 25 g. As the maxi- 
mum therapeutic dose in the adult is 5 g, 
there is a five-fold safety factor (5). In 
infants receiving 100 mg to 400 mg the 
safety factor is probably much higher. 
One would not expect this to be a problem 
provided that the proper dosage is used 
and a safe maximum is not exceeded. No 
evidence of a detrimental effect in the 
children of the present investigation has 
so far appeared. Nevertheless, it must be 
strongly emphasized that failure of a pa- 
tient to respond to the proper intramus- 
cular dose of iron is never an indication 
for giving more iron. 

This is important especially in the light 


of recent research work which has shovn 
that iron-dextran complex in  massi-e 
doses may result in excessive deposition 
of iron in the interstitial cells of the testes 
and testicular atrophy in mice (14) and 
that it may induce sarcoma at the site of 


injection in rats and mice (9, 10, 15). 


The dosage of iron-dextran complex used 


by Richmond (15) was massive—somie } 


200- to 300-fold greater than the thera- 
peutic dose and that used by Haddow & 


Horning (10) represented in relation to 


body iron, a swamping dose, both locally 


and systemically. The ‘‘clinical dose” for 


mice would be only 1/100th or 1/150th , 


of that used in Haddow & Horning’s 
experiment (10). In the lower dose used by 


Richmond (15), the incidence of tumours 
dropped sharply to become comparable 
with, or even lower than, published fi- 
gures for tumours obtained in a similar 
manner by repeated injections in rats and 
mice of glucose, fructose, arachis oil, and 
many other innocuous materials (7). 

Apart from the important dosage factor, 
repeated trauma, muscle necrosis and 
chronic inflammatory changes caused 
by repeated injection into the unstable 
subcutaneous tissues of rats and mice can 
lead to the production of sarcomata (7). 
Sarcomata following injection of iron- 
dextran complex have been produced 
with any degree of frequency only in rats 
and mice. Rat connective-tissue cells are 
notoriously susceptible in responding with 
sarcomas to injection of the most diverse 
agents (1). Other species which have 
received massive over-doses of iron-dex- 
tran, for example, the rabbit and guinei 
pig, did not develop tumours (10). 

An assessment of the clinical signifi- 


cance and implication of these observa 
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tio:.s is not possible at present and will 
req tire an elaborate study of the many 


factors involved. 


Summary 


|. One hundred and twenty-five ill infants 
and children who were found to have iron- 
deficiency anaemia were treated with in- 
tramuscular iron-dextran complex with 
doses varying from 100 to 400 mg, con- 
current with treatment for the presenting 
illness. 

2, The mean haemoglobin levels before 
treatment ranged from 8.91 g % to 9.61 
g”, in the various age groups; at 3 weeks 
after the injection of iron the mean hae- 
moglobin levels were found to range be- 
tween 10.12 g % and 10.80 g % and at 6 
weeks after injection the mean haemo- 
globin levels had risen further to range 
between 10.75 g% and 12.0 g %. There 
was thus an approximate general rise of 
2 ¢ % of haemoglobin in 6 weeks. Clinically 
the beneficial effects were quite striking, 
and occurred often within days. 

3. The results of this investigation indi- 


cate that intramuscular iron-dextran com- 
plex can significantly raise the haemo- 
globin level in infants and children who 
with a 


iron-deficiency anaemia 


variety of associated illnesses, of all de- 


have 


grees of severity, and of largely undeter- 
mined duration. In addition, iron-dextran 
complex was found to be safe and easy to 
administer. 

4. The factors influencing rate of recovery 
from iron-deficiency anaemia after in- 
the 
theoretical dangers of iron overload and 


tramuscular iron-dextran complex, 


the possible production of sarcomata in 
iron-injected tissue are discussed. 


Acknowledgements 


I am indebted to Professor F. J. Ford, 
head of the Department of Child Health, 
University of Cape Town, for his constant 
guidance, advice and constructive criticism; 
Dr. H. Myers for his help in the presenta- 
tion of this work; Dr. J. F. W. Mostert. 
Medical Red War 


Memorial Children’s Hospital, for permis- 


Superintendent, Cross 
sion to publish this work and Dr. D. Me 
Kenzie for providing me with the facilitites 
of his pathology laboratory. 


References 


1. ANNOTATION: Ten Years’ with Tumour 
Viruses. Lancet, 2: 227, 1957. 

2. BARTLETT, W. H. and Bearty, E. C.: The 
treatment of iron-deficiency anaemia in 
children with iron-dextran. Amer J Dis 
Child, 94: 662, 1957. 

3. Beutter, E.: Iron enzymes in iron defi- 
ciency, I. Cytochrome C. Amer J Med 
Sci, 234: 517, 1957. 

4. BRONTE-STEWART, B., Keys, A., Brock, 
J. F., Moopir, A. D., Krys, M. H. and 


Antonis, A.: Serum cholesterol, diet 
and coronary heart disease: an inter- 
racial survey in the Cape Peninsula. 


Lancet, 2: 1103, 1955. 


’ CoLeMAN, D. H., Stevens, A. R. Jr. and 
Fincu, C. A.: Treatment of iron defi- 
ciency anaemia. Blood, 10: 567, 1955. 


6. GAISFoRD, W. and JENNISON, R. F.: Intra- 
muscular iron in infancy. Brit Med JJ, 
2: 700, 1955. 

7. GoLBERG, L.: ‘“‘Imferon’’ Letter to editor. 
Brit Med J, 1: 958, 1960. 

8. Grimes, A. J. and Hutt, M.S. R.: Metabo- 
lism of 59 Fe-dextran complex in human 
subjects. Brit Med J, 2: 1074, 1957. 

9. Happow, A. (1958): (Quoted by Richmond, 

H. G.). Personal communication. 
Happow, A. and Hornina, E. 8.: On the 
carcinogenicity of an iron-dextran com- 
plex. J Nat Cancer Inst, 24: 109, 1960. 
11. Lanzxkowsky, P.: Iron-deficiency anaemia 
in infants and _ pre-school children in 
three racial groups in Cape Town. 
M.D. Thesis, University of Cape Town, 
1959. 


10. 


} 
y 
| 
} 
| 
| : 
or, 
nd 
sed 
ble | 
| 
} 
ats 
are 
ith 
rse 
ye 
ifi - 
7a 


PHILIP LANZKOWSKY 


12 Mean haemotological values in healthy 
infants and pre-school children in Cape 
Town. S Afr Med J, 34: 469, 1960. 

13. Moopir, A. D.: Personal communication, 
1959. 

14. Nisstm, J. A.: Deposition of iron in testes 
after administration of iron-dextran 
complex. Lancet, 1: 701, 1955. 

15. Ricumonp, H. G.: Induction of sarcoma in 
the rat by iron-dextran complex. Brit 
Med J, 1: 947, 1959. 

16. Scorr, J. M.: Intramuscular iron therapy in 


anaemia of pregnancy; 2-year survey. 
Brit Med J, 2: 635, 1956. 


Received April 5, 1960 
Accepted May 27, 1960 


. Yu, W. L., MAnonmant, K. 


WALLERSTEIN, R. O. and Hoaac, M. §, 
Treatment with iron-dextran of i 0; 
deficiency anaemia in children. Pi pe 


read before the 10th Clinical Meetin ; oj 
the Amer Med Ass, Seattle, Nov. 3 th, 
1956. 


. WINTROBE, M. M.: Normal values for num 


ber of erythrocytes, quantity of haemo 
globin and volume of packed red culls 
Clinical Haematology, 4th ed. Phila. 
delphia, Lea and Febiger, 1956, p. ‘00 
and Watson 
R. J.: Comparison of intramuscular iron 
dextran and oral ferrous sulfate in thi 
treatment of iron-deficiency anaemiu. 
Pediat, 54: 50, 1959. 


Red Cross War Memorial Children’s Hospita 
Klipfontein Road 

Rondebosch 

Cape Town 

S. Africa 


TI 
cour’ 
those 
and 
demi 
in he 


Or 
deve 
swak 
whie 
suite 
surve 

Be 
and 
ber 
error 
follo 
thros 


32 
| 
take! 
‘witl 
nedi 
17 
of Ac 
3 — 6 


M. §. 
f i on 
Pi per 


of 


num 
L cells 
Phila. 
» ‘O00 
ATSON, 
r iron 
in th 
nia, J 


ospita 


Acta Pediatrica 50: 33-46. Jan. 1961 


(International Children’s Centre Laboratories, Paris: Professor Robert Debré) 


Discussion 


The results which we obtained in the 
course of the study are of two kinds: 
those which are of bacteriological interest, 
and those which chiefly concern the epi- 
demiology of the hemolytic streptococcus 
in healthy subjects. 


1— Bacteriological study 


One of the aims of our study was to 
develop a technique of taking throat 
swabs and of their subsequent culture 
which would be,as sensitive as possible and. 
suited to the needs of our epidemiological 
survey. 

Between the taking of the throat-swab 
and the grouping of the organism, a num- 
ber of difficulties and possible causes of 
error may arise. These may affect the 
following areas: the material used for the 
throat swab and the way in which it is 
taken; the transport of the swab; isolation 
(with or without the use of a selective 
nedium); the reading of the blood-agar 

1 Part I was published in the November issue 
Acta Peediatrica 1960. 
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A Study of Group A Hemolytic Streptococcus Carriers 
Among School Children 


Part II. Significance of the Findings! 


by P. MOZZICONACCI, CL. GERBEAUX, R. CARAVANO, 
S. GERBEAUX, J. LABONDE, S. RAHMAN, F. RABCYNSKA, 
E. ORSSAUD and P. VIROLLEAU 


plates; finally, the culture medium used for 
the re-seeding of suspect colonies. 

A—Material, technique and transport of 
swabs. In the course of meetings of the 
Committee on Acute Respiratory Diseases 
in 1946 and 1948 (3), Wannamaker et al. 
25) showed that isolation should be done 
on the spot so as to avoid the risk of the 
throat swab drying up. Rubbo & Benja- 
min (21) have demonstrated that cotton 
wool rapidly kills the organism and that 
the survival of the streptococcus in the 
throat swab will increase from 2 days to 
10 if the carded cotton used is dipped in 
clotted serum. In a general way, all the 
authors have advised against the transport 
of the throat swab as such in a dry state; 
this has led Pike (14), Wannamaker (24), 
Holmes (9) and Werner & coll. (26) to use 
selective media for the detection of healthy 
carriers; the same has been the case for the 
detection of carriers during streptococcal 
infections or in rheumatic fever (Feldman 
& Harmon (6)). 

For our part, we endeavoured to elimi- 
nate these causes of errors by performing 
all the initial manipulations on the spot: 
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TABLE 8. 


P. MOZZICONACCI ET AL. 


% of A found 


Authors No. of swabbings without with selec- } 
Date or of A found medium tive medium 
Pike—1945 131 16 51 
Wannamaker & 
coll. 1948 339 A Bl 61.9 
Feldman and | 
Harmon, 1952 103 A 20 26 
Holmes—1956 89 subjects 68.4 81.6 ‘ 
Werner—1958 78 A 50 69 


(1) when the swab was being studied 
without the use of a selective medium, the 
blood-agar plates were brought to the 
place where throat swabbing sessions were 
being held and isolation was performed 
then and there. (2) when we used selective 
media, the tubes were brought to the place 
of swabbing and the throat swab was im- 
mediately introduced into the fluid or 
semi-solid medium. 

B—Direct isolation and isolation after 
passage through a selective medium. Pike (13) 
demonstrated that crystal violet and so- 
dium azide added to broth favour the 
growth of hemolytic streptococci while 
inhibiting that of associated germs. The 
subsequent studies of Wannamaker (24), 
Feldman & Harmon (6), Holmes (9), and 
Werner (26) confirmed his conclusions. 
Holmes (9) wishing to devise a suitable 
transport medium, modified the concen- 
trations of sodium azide and crystal violet 
given by Pike and added agar-agar, to 
render it semi-solid. The comparative 
results obtained by these authors are sum- 
med up in Table 8. 

On the other hand, these authors were 
able to elucidate a number of points con- 
cerning isolation proper, whether direct 


isolation or isolation after passage through 
a selective medium. Thus, Wannamaker & 


coll. demonstrated (25) that more positive > 
swabs are found in healthy carriers if as | 
many suspect colonies as possible are taken 


~ 


from a single plate and if several plates 
are seeded with the same throat-swab. 

Fry (8) and Holmes (10) have emphasi- 
zed the favourable effect of anaerobiosis, 
and Werner & coll. of mass seeding (26). 


Under the working conditions of our 
laboratory it was not possible in 1957-1958 
to seed several plates with the same 
throat-swab. An attempt was made to re- 
seed as many suspect colonies as possible 
and we made a special point of studying 
and developing an efficacious selective 
medium. This led to the study of 3 media 
all of which were based on a meat extract 
broth buffered at pH 7.8; they differed in 
their concentration of crystal violet and 


sodium azide. 

During the year 1957-1958, 2 media | 
were thus investigated comparatively in 
direct isolation on blood-agar. The nega- 
tive results obtained with the first of these 
media (Technique 2) soon led to the abaui- 
donment of these concentrations of sodium 
azide and crystal violet and to the adop- 
tion of a medium rather similar to tht 


~ 


proposed by Holmes. 
This technique enabled us to demonstrate 
up to 10 times as many group A strepte- 
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TABLE 9-11. Direct smears and fluid medium adapted from Pike. 
TABLE 9. 
Basic Concentration and No. of No. % of 
| medium added products swabs of A A 
| Technique 1 215 a 3.2 
Technique 2. Peptoned, NaN3 1/400,000 193 0 0 
glucosed Crystal violet 
meat ex- 1/500 
tract broth Defibrinated 
pH 7.8 blood 3/100 
sitive > TABLE 10. 
if as | 
SS Basic Concentration and No. of No. % of 
aken medium added products swabs of A A 
lates 
wah, Technique 1 — ae 663 20 3.1 
ae Technique 3 — NaN3 1/1,000,000 570 125 21.9 
hasi- | 
Crystal violet 
iosis, 1/16,000 
(26). } Agar-agar 15/1000 
our 
1958 TABLE 11. 
_ Basic Concentration and No. of No. % of 
Oo re- medium added products swabs of A A 
sible 
ring Technique 3 —_— NaN3 1/1,000,000 191 21 10.9 
ying 1 
a Crystal violet 
tive 1/16,000 
edia | Technique 4 — NaN3 1/1,000,000 237 38 16 
i Crystal violet 
ract 1/16,000 
d in Autolysate 3/1000 
and 
cocci as with direct isolation on a blood- was used for purposes of comparison. In 
edia | agar plate. Contrary to the opinion of most the 3rd medium used, the concentrations 
y 0} authors who have used Pike’s medium _ of sodium azide and crystal violet were not 
gis | (especially Feldman (66)), we have not modified, the agar-agar was omitted so as 
1es€ | olserved that our semisolid medium deri- to facilitate a better dispersion of the 
aie } ved from that of Holmes particularly organisms and some barm autolysate was 
lum | favoured streptococci of Groups B, C and added to increase the growth of the strep- 
op ( On the contrary, as regards Group Cand even more. 
het { ( streptococci, we could not obtain an in- This technique did not improve our 
case as great as that of Group A. results as strikingly as did Technique 3 
ate During the year 1958 it was this me- when compared with direct seeding; never- 
tc- | dum derived from that of Holmes, which — theless, this medium (Technique 4) enabled 
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TABLE 12. 


No. of carriers 13 25 20 17 15 11 #15 #183 14 #10 #9 98 989 
No. of children 85 84 85 87 85 71 84 87 84 86 87 85 87 85 89 85 88 86 8 


34.5 with V- 


18 degree of freedom P= 0.01. 


TABLE 13. 


Survey Year Number of cases Maximum % 
Bourn 1933 2 812 No relationship 
Rantz 1941 643 Winter and early spring 
Riley 1953-1955 175 No relationship 
Saslaw 1953 343 May 
1953-1954 417 Febr./Apr. May 
1954-1955 333 Febr./March 
1954-1955 
Special study March 
Cornfeld 1955-1956 Jan./April, May 
School W 468 
School B 456 Jan., May 
1956-1957 
School W 454 January 
School B 385 April 


us to further increase the rate of our carriers 
in a marked and statistically significant 
way. Tables 9, 10 and 11 sum up the re- 
sults obtained. 

We believe, therefore, that, for the time 
being, medium 4 is the most sensitive 
and the most suitable for cpidemiological 
studies of the type that we have under- 


taken. 
11—E pidemiological study 


A—Variations in the percentage of car- 
ef. Part I) 
that the percentage of carriers varies dur- 


riers. We have seen (Fig. 1. 


ing the course of the year. This variation 
is statistically significant, i.e. within the 
limits of precision of the method used, it 
is not due to chance fluctuations among 
a population with a constant rate of car- 
riers (Table 12). 


Most of the authors who have performed 


regular throat swabbings have noted simi- 
lar variations which they were naturally 
inclined to ascribe to seasonal factors 
(Table 13). 

These studies are difficult to compare 
because of differences in the techniques 
used. It is, however, generally agreed that 
streptococcal morbidity reaches a peak at 
the end of winter and in early spring. It has 
been seen that most authors consider this 
to be true for carriers as well. Our own 
observations would seem to lead to the 
same conclusion. It should be pointed 
out, however, that several theoretical 
conditions must be fulfilled before varia- 
tions in carrier percentages can be linked 
in an unquestionable way with season i 
influences. The 
average must not be due to chance. We 


have seen that this condition has been ful- 


variation around the 


filled in the case of our results. The curve 
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of seasonal variations should reproduce 
its.if regularly from year to year and for 
sev ral years running. The latter condition 
is uch more difficult to abide by. It is, 
in fact, impossible to consider following a 
population for some ten years with the 
sole purpose of verifying the existence of 
an annual peak; in addition, the changes 
likely to oecur during that period in the 
population studied would restrict the mea- 
ning of the observations; lastly, changes in 
microbial diffusion over the years would 
make the conclusions reached only rela- 
tive. 

However, the remarkable agreement of 
several of the studies referred to above 
added to our own would give us reason to 
believe that there is an annual peak of the 
percentage of carriers in early spring. It 
should be noted in this connection that the 
four concording studies (Rantz, (19), Sas- 
low (23), Cornfeld (4) and ourselves) have 
horne on different populations followed 
up at different periods (1941, 1953 to 
1958), in different regions (all situated, 
however, in the temperate regions of the 
northern hemisphere). This divergency of 
conditions to our mind makes the similari- 
tv of the results all the more significant. 

A third condition is the demonstration 
of a direct relationship between the cycli- 
cal variation and a measurable seasonal 
factor. The definition of a season is, of 
course, difficult to express in figures al- 
though it is current practice to note a 
change of season objectively. We attemp- 
tel to verify the existence of a correla- 
ticn between the percentage of carriers 
ail certain meteorological factors. We 
fo ind that there was no detectable rela- 
ti nship between this percentage and the 
a\ erage temperature, rainfall, barometric 


pressure, or the total number of hours of 
sunlight. 

There apparently exists a correlation 
with average humidity although of a type 
that would seem contrary to generally ac- 
cepted ideas. Indeed, our percentage of 
carriers varies considerably in inverse 
ratio to the percentage of average humi- 
dity. We believe, however, that this re- 
lationship is not a real one and that it is 
due to the fact that in the region investiga- 
ted, the relative humidity shows a marked 
decrease from the month of March on- 
wards. 

The question of seasonal variations 
and of the factors that bring them about 
is still open. Strictly standardized ob- 
servations are required before it may be 
regarded as having been finally resolved. 


B—The problem of the carrier factor. When 
it is noted, as mentioned above, that the 
carriers can be fairly easily divided into 
two groups: casual carriers and prolonged 
sarriers, the question naturally arises 
whether this difference of behaviour is 
due to a specific factor. The problem may 
be approached in different ways. In this 
study, we have attempted to solve it by 
method. If no 
special factor is involved influencing the 
distribution of carriers, the latter is purely 
a matter of chance. It can then be com- 


means of the statistical 


pared to a dealing out of a pack of playing 
cards, where the chances any subject has 
of receiving the ‘“‘streptococcus card” can 
be calculated for each deal, since we know 
each time the probability of distribution 
of these streptococcus cards.! 

1 This probability depends on the percentage 
of carriers following each swabbing, i.e. it varies 
from one deal to another and must he recalculated 
each time. 
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TABLE 14. 


Children with Children 
tonsils tonsillectomized 
No. % No. % Total 
Non carrier 13 92 12 48 25 
Carrier | to 4 times 19 70 8 30 27 
Carrier more than 4 times 17 89 2 1] 19 
Total 49 71 
= 7.2 with V = 2 degrees of freedom. P< 0.05. 


In these circumstances, the theoretical 
cumulative percentage of carrier subjects 
can also be determined. After a certain 
number of deals it should, of course, tend 
to 100%, the chances being equal for 
all the subjects to receive the “‘strepto- 
coccus card”’ at a given time. 

To bring this point out more clearly, 
we tried to select as homogeneous a group 
as possible out of our total population. 
Statistical calculation having shown that 
absence from more than 5 swabbings 
created a factor of heterogeneity, we dis- 
counted all subjects who had been absent 
5 times or more during the study. We were 
thus left with a more restricted but a more 
homogeneous sampling of 89 children. 

Figure 6 (cf. Part I) opposes the theo- 
retical curve calculated in this way and the 
real curve which we have observed. It will 
be easily seen that the latter rises rapidly, 
at first, but then stays at a level much 
below the theoretical maximum. It is there- 
fore permissible to infer that the distribu- 
tion of the “streptococcus card” is not due 
to chance and that consequently there is 
a systematic factor connected either with 
the existence, in the prolonged carrier, of 


a special facility for acquiring the orga- 


nism, or to the existence, in the habitual 


non carrier, of a special defence against 
the same organism. 


The real nature of this factor cannot. of 


course be ascertained by the same method; | 


this can only be done by biological in- 
vestigation. 


C—Biological and sociological factors con- 
nected with the carrier state. Thinking our 
belief in the existence of a carrier factor 
to be justifiable, we attempted, by means 
of a medico-social questionnaire of each 
of the children observed, to determine the 
correlations that might exist between the 


carrier state and the physiological and 
environmental conditions of sub- 
ject. 


The investigations were made in the 
same group of subjects as above, and for 
statistical reasons we considered as pro- 
longed carriers the children whose throat 
swabs were A positive 5 times or more 
during the survey. 

We were thus able to demonstrate 3 
definite correlations: 

(1) Tonsillectomized subjectsare less often 
prolonged carriers than those who still have 
their tonsils (Table 14). This idea has ¢1- 
ready been generally accepted and with 
the exception of Quinn & Riley (17) all the 
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TABLE 15. 


No running Running 
water water 
No % No 4 Total 
Non carrier 1 4 24 96 25 
Carrier 1 to 4 times 20\. 
Carrier more than 4 times ~ ig 446 
Total 13 58 71 
7° = 5.4 with V =1 degree of freedom. P= 0.02. 
TABLE 16. 
Brown eyes Blue eyes 
No. % No % Total 
Non carrier 7 28 18 72 25 
Carrier 1 to 4 times | 6: 10 37 27 
Carrier more than 4 times 12 63 7 37 19 
Total 36 35 71 


ag2 


authors who have undertaken a similar 
study have reported such a correlation 
(5, 7, 11, 15, 18, 27). 

(2) The environmental health conditions 
of the carrier are also a well-known factor. 
We have found a strong correlation be- 
tween the prolonged carrier state and a 
particular factor of hygiene namely the 
absence of running water in the dwelling- 
house (Table 15). 

[t is evident that the absence of run- 
ning water in an apartment nowadays in- 
dicates a very low standard of sanitation, 
especially in an urban environment. It is, 
however, interesting to note that we have 
re-orded no other correlations between 
t!» prolonged carrier state and other cri- 
tc ia of hygiene such as those connected 
w th the situation of the dwelling-house 
(| shting, ventilation, dampness) amenities 


8.0 with V =2 degree of freedom. P = 0.02. 


such as heating, gas, electricity, or the 
conditions of accommodation; as regards 
the latter point, it is to be reported that 
we have found no correlation between the 
carrier state and overcrowded lodgings. 

(3) As regards genetic factors, it is 
generally asserted that heredity plays a 
part in certain complications of strepto- 
coccal infection; in particular rheumatic 
fever. But, although widely accepted, this 
view has not been established on the 
strength of any very sound observations, 
with the exception of some recent studies 
which report that rheumatic subjects 
belong to certain blood groups more often 
than controls. 

Be that as it may, the predisposition to 
streptococcal infection and to its complica- 
tions (especially rheumatic fever) is a 
very different thing from the predisposition 
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TABLE 17. of tiie 
to bi 
Children with Children relati 
tonsils tonsillectomized 
No. % No. % Total 
Running water 36 62 22 38 58 } 
No running water lt 100 0 0 13 We 
Total 49 22 71 ee 
7° = 7.07 with V = 1 degree of freedom. P< 0.01. 
searc] 
set fc 
TABLE 18. iene 
reach 
Brown eyes Blue eyes 
‘ ence 
No. % No. % Total 
lem | 
Children with tonsils 27 55 22 5 ¢ days. 
Children tonsillectomized 9 41 13 59 22 It 
Total 36 35 71 swab 
tions, 
used, 
TABLE 19. the v 
Th 
Brown eyes Blue eyes . 
final 
No. lo No. % Total 
coccu 
Running water 30 52 28 48 58 1 
No running water 6 46 | 54 13 
being 
Total 36 35 71 tistica 
genita 
the m 
Perso1 
react 
to being a transient or chronic carrier There is a partial correlation between a 
which is what interests us at the moment. the presence of running water in the apart- | sure t 
Our study demonstrates a definite correla- | ment and tonsillectomy (Table 17). On the = re 
tion between the carrier state anda gene- contrary, the correlations between the col- | roo:ms 
tically controlled factor viz. the dark col- our of the iris and tonsillectomy (Table 13) ri a 
our of the iris (Table 16). To our know- — or the running water (Table 19) are uncon- } work 
ledge this is the first time that a correla- nected: they are therefore independent'y = 
tion of this kind has been reported in _ significant. ther’s 
this field. It has been verified that this For other physiological or sociologicl | _ 
1e; 
correlation is neither associated with a factors we have found slight connectiois | of ‘he 
common ethnic origin nor with the fact of which do not allow of unqualified con- : a 
belonging to the same residential area. clusions. A new survey is in progress, o1e | 4t ct 
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of t!.c aims of which is precisely to attempt 
to |ving out the probability of these cor- 
relations more clearly. 


111—The limits of interpretation 


We have raised the question of the 
extent to which the considerable inade- 
quacies of our technique of bacterial re- 
search, as shown by the error calculation 
set forth above, might limit the scope of 
the conclusions which we believe to have 
reached, especially as regards the exist- 
ence of prolonged carriers, for this prob- 
lem seems to be in the forefront nowa- 
days. 

It is evident that since the results of 
swabbing, performed in identical condi- 
tions, vary markedly with the technique 
used, questions of technique greatly modify 
the value that can be ascribed to them. 

The manipulations which lead to the 
final identification of a Group A strepto- 
coccus in a throat swab are many, and 


' The following correlations with the state of 
being a “‘prolonged carrier’? were studied sta- 
tistically: Hair; Eyes; Complexion; Twins; Con- 
genital malformations; Age of the father; Age of 
the mother; Siblings; Weight; Height; Puberty; 
Personal cleanliness; General condition; Cuti- 
reaction—positive due to BCG; Streptococcal 
disease; Surgical operations; Hospitalisation; 
Kind of dwelling-place; Floor inhabited; Expo- 
sure to sunshine; Ventilation; Humidity; Heat- 
ing; W.C.; Water supply; Hygiene conditions; 
Electricity; No of persons living at home; No of 
rooms; Presence of the father at home; Allergy 
in the father; Streptococcal disease in the father; 
Father’s profession; Father’s conditions of 
work; Conditions of hygiene of the same; Pre- 
sere of the mother at home; Allergy in the mo- 
the»; Streptococcal disease in the mother; Mo- 
the’s profession; Mother’s conditions of work; 
Co ditions of hygiene of the same; Animals at 
homie; Outside relationships of the child; Same 
ot ‘he parents; Travel and stays out of town; 
Al orgy in the Ist, 2nd, 3rd and 4th child; 
St eptococcal disease in the Ist, 2nd, 3rd, and 
child. 


4] 


their importance for the reliability of the 
ultimate result varies. We have set forth 
above, in the course of the discussion of 
our technical results, several points that 
the experience of other authors and our- 
selves permitted us to elucidate, but it 
must be admitted that a searching metho- 
dological study has not yet been made. 

It can be seen that the technique on the 
results of which our figures are based 
(Technique 3) fails us once every 3 times 
(34.5 % of failures). No categorical value 
can therefore attached to a 
negative swab either for concluding that a 
child is not a carrier or for asserting that 


be single 


he has ceased to be one. 

On the other hand, when a subject 
hitherto negative happens to present a 
positive swab at a given time, we are 
unable to claim that this is a recent ac- 
quisition of the organism, since Table 7 
clearly brings out the fact that the same 
strain can be found in a subject after a 
long period of apparent absence. 

The imperfections of the method lead 
us therefore to results falsified by default, 
on the one hand, since we regard as nega- 
tive the subjects who have one chance in 
three of being carriers, in fact, and by 
excess, on the other, if we consider as an 
acquisition the reappearance in a subject 
of a strain which had been lost for a time 
due to an inadequate technique. 

It is, of course, impossible to guard 
against the first of these errors. The second 
can, however, be eliminated by considering 
as an acquisition in a given subject only the 
appearance of a new type of strain. As 
we had no regular typing of all our strains, 
we have been unable to use this method, 
and, this being so, we have decided to base 
our argument on the cumulative incidence 
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Fig. 


of the carriers, every subject being con- 
sidered as a new carrier only the first time 
that a swab of his is found to be positive, 
whatever may be the result of subsequent 
swabbings. 

Under these conditions we believe that 
the interpretation based on Fig. 6 (cf. Part 
[) remains valid, especially if it is con- 
sidered that the real curve differs even 
more from the theoretical curve when it 
is corrected by taking the technique into 
account. It is seen in Fig. 5 (ef. Part I) 
that the number of new carriers is con- 
siderable, especially following the first two 
swabbings; this seems to us to be due to 
the fact that the technique being imper- 
fect, two samplings are necessary in order 
to obtain the value of the average carrier 
percentage around which the variations 


will eventually be much smaller. 
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Curves of cumulative percentage 1958—1959 


Theoretical curve 
Real curve (improved technique) 
Real curve (standard technique) 


This 


confirmed by the first results of another 


conclusion seems to have been 
study now under way. Another group of 
children has been under study for 8 months 
those 
of the above study but with a technical 


in conditions rather similar to 
improvement which ensures more regular 
results. This new technique has in parti- 
cular the effect of diminishing the number 
of false negatives, a fact which can be no- 
ted by studying the continuity of positive 
swabs in the carriers. 

Figure 8 shows the results of the first | 0 
swabbings performed under these new 
conditions. It superimposes 3 curves: tle 
theoretical curve of distribution accordiig 
to chance, the curve observed with tle 
standard technique, and that obtaincd 
with the improved technique. It will le 
seen that the latter while yielding a larg:-r 
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| No. of children 


No. of positive swabbings 


Distribution of carriers according to the numbers 
of positive swabbings (1958—1959) 


theoretical 


observed 


Fig. 9. 


number of positive results as compared. 
with the standard technique, does not 
produce a curve differing greatly from that 
given by the latter and that, although it 
differs notably during the first swabbings 
(a fact which confirms the argument set 
forth above), this divergence diminishes 
accumulating While the 
lower hatched zone does represent a techni- 
cal gain, there still remains a fundamental 


with results. 


difference, represented by the upper hatch- 
ed zone, between the theoretical distribu- 
tion curve and the curve actually observed, 
and this difference demonstrates the pre- 
serce of a 
fe: tor). 

it may, of course, be argued that an 
e.en finer technique would allow of fur- 
tl er increasing the number of carriers. 
1 is is very likely, but it seems to us that, 


sarrier factor (or an anti-carrier 


in view of the very different shapes of the 
real and the theoretical curves and the 
fact that this difference is further enhan- 
ced by technical improvements (Fig. 8), 
such a purely technically obtained in- 
crease in the percentage of carriers would 
not succeed in altogether eliminating the 
class of subjects refractory to the carrier 
state. 

Figure 9, constructed with the data of 
the improved technique shows clearly that 
the dispersion of carriers once, twice, 
three times ... n times is fundamentally 
different from a dispersion due to chance 
even when experimental error is greatly 
reduced. 

We therefore feel justified in concluding 
that the interpretation of our findings 
demonstrates, in the course of a prolonged 
study, 4 types of behaviour with regard to 
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group A streptococci in a population of 
normal children: subjects who are never 
carriers, subjects who are occasional 
carriers, prolonged carriers of the same 
strain, prolonged carriers of frequently 
changing strains. 

The limitations of the method seem to 
be of another kind and on this point our 
opinion is similar to that of the authors 
who have recently studied the subject 
(Saslow (23), Cornfeld & coll. (4)) These 
differences in behaviour of the subjects 
with regard to streptococci cannot now 
be investigated further simply by the 
detection of the organism in the throat, 
however sensitive the technique used. 
They probably correspond to constitu- 
tional differences in immunity for the 
study of which another method must be 
developed. 

It is possible that the different techni- 
ques of organism detection may demon- 
strate different classes of carriers; it may, 
for example, be considered that the car- 
riers discovered with the coarsest techni- 
ques are those who harbour organisms of 
greater vitality or in larger numbers. 
But this is a hypothesis which in any case 
would have to be confirmed by a parallel 
investigation. We believe for our part that 
one way of approaching the problem, as it 
arises now, would be to make a searching 
study of streptococcal immunity: it is this 
approach that has oriented our present 


investigations. 


Summary 


In the course of a study pursued for 2 
consecutive years in normal children of a 


suburban public school of the Paris area, 
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the following findings were noted: (1) 
when the technique used was sufficie: tly 
sensitive, the rate of healthy carriers vas 
relatively high: 16.7% on an aver: ge, 
with a range of 6.7% to 30%. (2) this 
percentage seemed to present variations 
during the course of the year which are 
perhaps due to a seasonal factor. (3) the 
cumulative percentage was such that at 
the end of two years more than one sub. 
ject in two was found, to have been a car- 
rier of hemolytic streptococci at least once. 
(4) there was no correlation between the 
rate of carriers and the development of 
clinical infections (septic sore throat, 
scarlet fever). (5) the subjects fell into 
4 groups: refractory subjects, occasional 
varriers, prolonged carriers of the same 
strain, prolonged carriers of different 
strains. (6) a “prolonged carrier’’ factor 
was found to exist statistically, i.e. certain 
subjects were particularly receptive to the 
Group A hemolytic streptococcus, or con- 
versely, certain subjects were refractory. 
(7) within the scope of our study this factor 
was found together with various other in- 
dependent correlations. Of these, the cor- 
relations with the presence of tonsils and 
with bad conditions of hygiene (absence 
of running water in the child’s home) 
were hardly surprising; that with a genetic 
factor (dark iris) was more unexpected, 
but has been established on equally as 
sound a basis. 


Erratum 
On Fig. 6 and Fig. 8, the curves have 
been constructed with the total number >I 
carriers instead of the cumulative percent t- 
ges. This, however, makes no significant 
difference in the shape of the curves. 
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From the Queen Louises Childrens Hospital, Copenhagen 
(Head: Professor Oluf Andersen) 


The Incidence of Head Injuries in Children 


by JOHANNES C. MELCHIOR 


In paediatric departments and, in parti- 
cular, departments to which many pa- 
tients are admitted with neurological and 
psychiatric disorders, information is fre- 
quently obtained in the case history that 
the patient has suffered from a head in- 
jury. The question arises: What is the value 
of this information and, just as important, 
how frequently does head injury occur in 
general in children? Only isolated numeri- 
cal reports concerning the incidence of 
head injury in childhood are available and 
these are usually concerned with speci- 
al categories of patients suffering from 
neurological and/or psychiatric symptoms. 

Dyggve in a psychiatric material of chil- 
dren, obtained only scanty information con- 
cerning head injury. Otto from among 3588 
children seen in psychiatric advisory clinics 
in Stockholm found that 20 per cent of all 
the patients had a history of head injury 
and that in 4 of the cases the injury had 
been associated with loss of consciousness. 
In this material boys were 3-4 times as 


common as girls. Melchior, in a follow-up 


inv stigation of children from a department 
of »:eurosurgery, found that 24 per cent of 
all -he histories contained information about 


he: | injury. 

his investigation was supported by a PHS 
res arch grant 3 B-9099 from the National In- 
stit ite of Neurological Diseases and Blindness, 
Public Health Service. 


It appears to be of interest, particularly 
in the evaluation of head injuries in 
neuro-psychiatric to 
determine the incidence of head injury 
among children without any such symp- 


patient material, 


toms. 


Present Investigations 


In order to obtain information concerning 
the incidence of head injury in children 
other than neurological and/or psychiatric 
patients, inquiries were made regarding head 
injury in all patients admitted to hospital 
over a period of eight months. The question: 
‘‘Has the child ever had a head injury?” 
was put to the parents. If the reply was in the 
affirmative, inquiries were made concerning 
symptoms headache, vomiting, 
loss of consciousness, whether a 


such as 
vertigo, 
doctor was called, and treatment in a casu- 
alty department or admission to hospital if 
this occurred. During the eight month period, 
1190 patients were admitted and in 56 cases 
the desired information was not obtained. 
In some cases this was due to the fact that 
there was simply no time to undertake 
routine questioning as the child concerned 
was desperately ill or for some other reason. 

As already mentioned, it may be assumed 
that in a department which receives many 
children with neurological conditions (cere- 
bral palsies, epilepsy, mental retardation 
etc.), information concerning head injury 
will occur more frequently in the case his- 


— 
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TABLE 
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Occurrence of history of head injury among children admitted with or without 


neuropsychiatric symptoms. 


Girls Boys 
Number admitted 471 663 
Neuro-psychiatric symtoms + 94 517 + 146 
History of head injury No Yes No Yes No Yes No Ye 
Number 337 40 65 29 448 69 108 38 


therefore this category of pa- 
tients is separated in the present material. 
The presumption that head injury occurs 
more frequently among children with neu- 


tories and 


rological or severe psychiatric conditions is 
due to several factors. It may be due to 
actual conditions, i.e. that head injury is 
genuinely more frequent than among chil- 
dren suffering from other conditions. It may 
also be due to the fact that parents of chil- 
dren suffering from neuropsychiatric condi- 
tions are more willing to answer questions 
regarding head injury positively than pa- 
rents of children with other conditions. It 
frequently occurs that parents of the former 
category of children have thought a great 
deal about the condition and have remem- 
bered some injury or other which they con- 
sider may explain the condition of the patient. 
In addition, it is also more probable that the 
question has been asked previously on other 
admissions to hospital and they have had the 
opportunity of thinking about the problem. 
On the other hand, parents who come with 
a child suffering from pneumonia, otitis 
media or other conditions have probably not 
thought about head injuries and are pro- 
bably less likely to consider whether such an 
injury had ever occurred. 


In addition to subdivision into neuro- 
psychiatric and non-neuro-psychiatric pa- 
tients the patients are also divided ac- 
cording to sex in Table 1. It is frequently 
stated that boys are wilder than girls 
and that they are more frequently exposed 
to trauma than girls. Dyggve’s figures 
from a department of child psychiatry 


show that boys predominate in the ratio 
2:1 over girls. Dyggve explains this by 
the fact that boys are more aggressiv 
than girls and that this necessitates more 
detailed investigation. 

Bohn, similarly reported that 
traumatic lesions are more common i 
boys than girls and relates this to the fact 
that the behaviour of boys more fre. 
quently brings them into traumatic situa- 
tions. In the present material it appear 
that the incidence in boys and girls i: 
identical. In the group with neurological 
and psychiatric conditions the incidence: 
for boys was 26 per cent against 31 per 
cent for girls and in the group with non- 
neurological conditions 13 per cent of the 
boys and 12 per cent of the girls had a 
history of head injury. 


post 


TABLE 2. Comparison between percentag: 
of head injuries and age. 


Per cent of head injurie: 


Age in years Girls Boys 
> 6/12 It 
>1 18 It 
>3 20 2- 
>4 20 
>5 21 2" 
>6 23 
>7 25 2% 
>8 26 
>9 29 2" 
> 10 31 2" 
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THE INCIDENCE OF HEAD INJURIES IN CHILDREN 


Tat.£ 3. Comparison between the severity 
of tie head injury and the presence of neu- 
ropsychiatric symptoms. 


Neuropsychiatric 
symptoms 


Head injury of: absent present 


No importance 33 (30%) 27 (36%) 

Possible importance: single 
symptoms ete. 

Importance with unconsious- 


ness, ete. 


44 (40%) 23 (28%) 


32 (30%) 27 (36%) 


As the possibility of a history of head 
injury depends upon the age of the patient 
on admission, Table 2 shows the percent- 
age of the children admitted over a cer- 
tain age who had sustained head injuries. 
It will be observed from this that there is 
no particular difference between boys and 
girls. The boys possibly sustain their head 
injuries slightly earlier than the girls but, 
on the other hand, the incidence stabilizes 
about the age of 6-7 years while the inci- 
dence in girls rises more steadily through- 
out childhood. 

The information collected was further 
subdivided with respect to the severity 
of the head injury into three groups. In 
Group 1 it must be supposed that the 
trauma has been without any signifi- 
cance. Only an affirmative answer was 
received and there were no symptoms at 
Among the patients with neuro- 
psychiatric conditions, there were 27 in 
this group and among the non-neuro- 
33. Group 2 comprizes such 
patients in whom genuine symptoms oc- 
curred in the form of vertigo, vomiting, 
he dache and also cases where a doctor 
ws called or the patient taken to a ca- 
st ity department. In this group the figu- 
re are 23 among the neurological patients 
a d 44 in the group of non-neurological 


all 


psychiatric 
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patients. In Group 3 there was definite 
loss of consciousness or the patient was 
admitted to hospital on account of the 
head injury and, by and large, the injury 
must be regarded as being of considerable 
severity. In this group, there were 27 
patients from the neurological group and 
32 from the non-neurological group. The 
figures in brackets in Table 3 indicate 
the percentage figure in relation to 
Groups 1, 2 and 3. It appears from the 
Table that in approximately one third of 
the cases in both categories the history of 
head injury can be ignored and it may be 
concluded that, in these cases, it has not 
played any significant role. In a further 
third the significance of the head injury is 
questionable and in the remaining third 
the trauma has probably been of such a 
nature that it might be responsible for 
symptoms later on. This corresponds to 
Otto’s statement that approximately one 
third of the patients, about whom he had 
information, had been unconscious. 

The fact that the distribution is so 
completely uniform in the groups with 
and without neuro-psychiatric symptoms 
may be regarded as indirect evidence that 
the value of the information obtained 
from the parents in both groups of pa- 
tients is the same. This implies that the 
difference between the 12-13 per cent in 
the one group and approximately 28 per 
cent in the other group is a genuine 
difference and that, regardless of the 
group, approximately one third of the 
histories of head injury must be assigned 
to each of the three degrees of severity. 


Summary 


In 1190 children consecutively admit- 
ted to hospital, inquiries were made con- 


50 


cerning head injury and information on 
the subject was obtained in 1134. In the 


entire material, 16 per cent replied in the 
affirmative and no difference in the inci- 
dence between boys and girls was observed. 
In patients admitted on account of neu- 
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rological or severe psychiatric condit ons 
the incidence was significantly greeter, 
viz 28 per cent as compared with 12 per 
cent in the group of patients witl out 
neurological or psychiatric conditions. 
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Magee Hospital, Pittsburgh, Pennsylvania 


Umbilical Vein Pressure in Congestive Heart Failure 
in the Newborn Infant* 


by PAUL M. TAYLOR, JEROME H. WOLFSON, NANCY H. BRIGHT 
EDNA L. BIRCHARD and THOMAS J. EGAN 


The diagnosis of congestive heart failure 
in the newborn infant is usually based on 
clinical findings. Respiratory distress and 
hepatomegaly are the earliest and most 
constant signs. Cyanosis, splenomegaly, 
peripheral edema and rales are noted later 
in most cases or may not develop at all. 
Cardiac enlargment is often detected clini- 
cally and confirmed by roentgenogram of 
the chest. 

The clinical diagnosis of heart failure 
may be difficult to make with certainty in 
some infants with hemolytic disease, 
the respiratory distress syndrome, septi- 
cemia or pneumonia—to mention a few 
common complications of the newborn 
period. These conditions may all, of them- 
selves, give rise to combinations of clinical 
findings that strongly suggest cardiac fai- 
lure. Heart failure may, on the other hand, 
complicate the course of these entities. We 
have found determination of umbilical 
vei pressure helpful in evaluating infants 
in “hom the diagnosis of cardiac failure is 
cor sidered. This report presents our ex- 


per ‘ence with such infants. 
Supported by the Twenty-Five Club, a 
Wcnan’s Auxiliary of the Elizabeth Steel 


Ma see Hospital. 


Patient Material and Method 


An attempt was made to measure umbili- 
cal vein pressure on all infants delivered at 
the Elizabeth Steel Magee Hospital over a 
period of 18 months on whom the diagnosis 
of cardiac failure was considered. It was not 
possible to do so in a few cases. Ten infants 
were studied. Their ages at time of deter- 
mination of venous pressure ranged from 
22 to 75 hrs. Data on infants with severe 
hemolytic disease are not included in this 
report. 

Umbilical vein pressure was measured in 
mm of normal saline with the mid-axillary 
line used as zero position for the manometer. 
The stump of the umbilical cord was incised 
and the umbilical vein entered with a po- 
lyethylene or polyvinyl catheter which was 
then advanced from 4 to 7 em. Readings 
were accepted the infants seemed 
maximally relaxed, and when the fluctua- 
tions normally seen with respiration were 
noted. Repeated measurements were made 
until consecutive readings agreed within a 


when 


few mm. 


Results 


Pertinent information on the infants 
presented is listed in Table 1. Their um- 
bilical vein pressures are compared with 
umbilical vein pressures of healthy infants 
(2) in Fig. 1. Seven of the 10 infants had 
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Fig. 1. 


Umbilical vein pressures of infants on whom the diagnosis of cardiac failure was consi 


dered. The heavy horizontal line indicates the mean venous pressure (92 mm saline) of 31 healthy 


infants 5-89 hours old. The shaded area represents +2 8.D. from the mean venous pressure (2). The 
numeral above each point refers to the case number noted in Table 1. Half-closed circles and ope 
circles indicate values obtained after removal of a total of 10 ml and 20 ml of blood, respectivel 


venous pressures greater than 118 mm 
(2 standard deviations above the mean 
healthy 
The incised umbilical vein bled briskly 


venous pressure for infants). 
in these infants with elevated venous pres- 
sure. Six of these 7 infants died, while 2 of 
the 3 infants with venous pressure within 
the normal range survived. 

Withdrawal of 10 to 20 ml of blood from 
the umbilical vein of 3 of the infants in heart 
failure resulted in an immediate drop in 
venous pressure (Fig. 1). Following vene- 
section, temporary reduction of dyspnoea 
and of liver size was noted in Case 7, but 
clinical improvement did not occur in 
Cases 9 and 10. 

Umbilical vein catheterization did not 
produce any discernible adverse effects 


on the infants in this series. 


Discussion 


Elevated umbilical vein pressure indi- 
cates failure of the right ventricle with 
these 3 possible exceptions: 1. during the 
first hour or so of life following delayed 
clamping of the umbilical cord (2); 2. when 
associated with marked abdominal dis- 
tention which may, of itself, increase um- 
bilical vein pressure; and 3. with obstruc- 
tion of the inferior vena cava above ‘he 
site of entrance of the hepatic vein and 
ductus venosus. 

The clinical impression of congest ve 
heart failure was confirmed by the find ng 
of elevated venous pressure in 7 of th: 8 
infants presenting with the triad of d ’s- 
pnea, tachypnea and hepatomegaly. ‘Ihe 
one subject with these findings and a 
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Information on Infants with Findings Suggestive of Congestive Heart Failure. 


Pertinent findings 


He og 
Cas 6 & 5 Gap Autopsy findings 
1 4230 1} C* 95 36 Postmaturity, 
Recovered. 
2 5870 At N° 120 36 Respiratory distress syn- 
birth drome, 
Recovered. 
3 3000 40 + = 155 45 50  Aerobacter aerogenes septi- 
cemia, 
4 3390 28 100 33 Acute pulmonary edema, 
Mother diabetic, 
Recovered. 

5 3055 24 Cc 125 54 55 Hemorrhagic pneumonia. 
Vascular congestion, 
Mother diabetic. 

6 2500 18 NDS 94 22 24 Atelectasis and pulmonary 
hyaline membrane. 

7 3775 48 E ot +- 225 60 70 Aortic and mitral atresia, 
absent left ventricle, hy- 
poplastic left auricle and 
ascending aorta. 

8 3550 At + - C 135 24 37 Cor triloculare, 

birth Bonnevie-Ullrich syndro- 
me. 

9 3855 8 = tre 45 32 46 Bronchopneumonia. 

10 3775 72 - C 175 75 80 Cor triloculare, truncus ar- 


teriosis, mitral atresia. 


* Cardiomegaly 
> Normal cardiac shadow 
° X-ray not taken. 


normal venous pressure (Case 4), the infant 
of a diabetic mother, had a moderately 
enlarged liver from birth. Two infants in 
this series had labored and rapid respira- 
tion and other findings suggestive of heart 
failure, but normal-sized livers. Both had 
vel.ous pressures within the normal range. 


‘Valther (3) has reported the case of an in- 
fant of a diabetic mother who developed 
the clinical picture of the neonatal respira- 
tory distress syndrome between the ages of 
2:nd 5 hrs, and who had an elevated um- 
bil cal vein pressure at 5 hrs. of age. With- 


drawal of 60 ml of blood lowered the um- 
bilical vein pressure to within the normal 
range and promptly cured the infant of his 
respiratory difficulty. Case 4, the infant of a 
diabetic mother, had onset of acute pul- 
monary edema at 28 hrs. of age; his umbilical 
vein pressure was normal at that time. He 
improved rapidly after withdrawal of 20 
ml of blood, which did not affect his venous 
pressure, and digitalization. This may have 
been a case of acute left ventricular failure, 
which is seldom diagnosed with certainty 
in the newborn infant. These experiences 
suggest that merits a thera- 
peutic trial in severely distressed infants of 


venesection 


= 
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diabetic mothers, no matter what the in- 

fant’s venous pressure is found to be. 
Bonham Bound & Smellie (1) 

measured umbilical vein pressures during the 


Carter, 


first hours of life in a series of infants with 
the neonatal respiratory syndrome. They 
found that over half of the infants that sur- 
vived had elevated venous pressures, while 
all of the infants who died had venous pres- 
sures within the normal range. The explana- 
tion of the seemingly beneficial effect of 
elevated venous pressure in these infants is 


obscure. 


Two full term infants with neonatal re- 
spiratory distress are included in the pre- 
sent report. Case 2, with a slightly ele- 
vated umbilical vein pressure at the age 
of 36 hrs, survived, while Case 6, whose 
venous pressure was normal at 22 hrs. of 
age, died. 

Cardiac failure in the newborn infant 
was found to be associated with a variety 
of clinical conditions in this study. The 
incidence of congenital heart disease as a 
cause of heart failure in newborn infants 
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is probably higher than the 3/7 note 1 in 
this small series. It is important to ap. 
preciate that congestive failure may «om. 
plicate both septicemia and pneum dnia 
in infants. Early diagnosis and treat ient 
of this complication in such cases ma. be 
life saving. 

When the clinical impression of cardiac 


failure is confirmed by the finding of eleva. 


ted umbilical vein pressure, we slowly 
withdraw sufficient blood (up to 30 ml in 
mature infants) to effect a definite lowering 
of venous pressure, and then inject the 
initial dose of Cedilanid® through the 
catheter. The ill infant is thus saved the 
stress of injection and venepuncture. 


Summary 


Information is presented on 10 infants 
on whom the diagnosis of cardiac failure 
was suspected clinically. Measurement of 
umbilical vein pressure was made in each 
case, and proved to be of diagnostic value. 
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} ted with diarrhoeas whose cause cannot 
be found, causal therapy therefore being 
impossible in these cases. Recently we had 
} to deal with these types of diarrhoea in 
three children admitted to our clinic. 


Patient X, a girl, was born on July 15th, 
1957 as the first child of healthy parents, 
delivery was normal, at term. Birth weight 
3500 g. After one week of breastfeeding, 
Lactogen feeding was given, on which the 
child grew well with normal defaecation. 
When 5 months old she suddenly fell ill with 
high fever and diarrhoea. One day later the 
fever abated, but the diarrhoea persisted in 
spite of various therapeutic measures (anti- 
biotics, Arobon, buttermilk, protein milk, 
wheat-free diet, etc.). Her increase in weight, 
which had been normal for 5 months, was 
now arrested. 

At admission—at the age of 14 months— 
the child was dystrophic with a weight of 
9900 g and a height of 80 cm; she produced 
a profuse, thin, foaming and voluminous 
diarrhoea that contained much fine mucus. 
She had a rather bad mood, was petulant and 
sor ewhat negativistic. Her muscular deve- 
lopirent was normal, and physical examina- 
tio’ revealed only a somewhat flaccid and 
sw llen abdomen, and rather lively intestinal 
noises were heard on auscultation. 

‘he following conditions were eliminated 
as -auses of the diarrhoea; enteric infections 
oebie and bacillary dysentery, typhoid 


Fro: the Central Institute for Nutrition and Food Research T.N.O., Utrecht, and the 
Wilhelmina Children’s Hospital, State University of Utrecht 
Diarrhoea Caused by Deficiency of Sugar Splitting Enzymes. I 

by H. A. WEIJERS, J. H. VAN DE KAMER, W. K. DICKE and J. IJSSELING 
' Introduction and paratyphoid, coli Bray and _ other 
pathogenic intestinal flora), worms and 
In daily practice we are often confron- giardiasis, coeliac disease, anatomical abnor- 


malities of the gastro-intestinal tract, ter- 
minal ileitis, latent iron deficiency, vitamin 
deficiencies and pancreatic fibrosis, while 
congenital alkalosis, milk allergy and gang- 


lioneuroma, were discarded as causative 
factors. 
Patient Y, boy, was born one month 


prematurely on October 6th, 1957. Delivery 
was normal, birth weight was 2300 g. Up to 
six months he was breastfed with good 
growth and no diarrhoea. Then persistent 
diarrhoea (rather thin faeces, yellow, foam- 
ing, 2 or 3 times per day). 

When, two years old, the boy was admit- 
ted to hospital, he was a moderately well, 
lively, palish child with a somewhat swollen 
abdomen and slight general hypertonia. 
During periods of diarrhoea he was unruly 
and whimpering. On feeding with a protein- 
milk/water/glucose mixture the diarrhoea 
disappeared and the boy became cheerful 
again.. Deviations from this diet always 
caused diarrhoea. Here also all known causes 
of diarrhoea were ruled out. 

His weight on admission was 9800 g 
(at the age of six months it had been 6500 g) 
and his height was 77 em. He was the second 
child of healthy parents. The first child had 
died at the age of 15 months from meningitis. 


Patient Z, a boy, was born on August 12th, 
1958. Delivery at term was normal and birth 
weight was 4300 g. He was breastfed for a 
few days only and diarrhoea commenced 


after the first few weeks of life, both on 
diets of half milk/half water/buttermilk 
mixtures and on acid/whole milk mixtures; 
he produced normal stools only on a protein- 
milk/water/glucose mixture. The diarrhoea 
was foamy and water-thin and contained 
some fine mucus. 

The patient was admitted at the age of 
one year, because of the persistent tendency 
to develop diarrhoea as soon as he was 
given a diet other than the protein-milk/ 
water/glucose mixture. All known causes of 
diarrhoea were excluded. 

On admission he was a pale baby weighing 
8700 g and 75 ecm in height. Examination 
did not reveal any abnormal physical signs, 
apart from a somewhat swollen abdomen. 
The patient was the fourth child of healthy 
parents. The eldest child also suffered from 
diarrhoea. 


As the diarrhoea observed in the three 
patients was thin, foaming and bulky, and 
contained very finely distributed mucus, 
which is typical for a diarrhoea originating 
in the small intestine (Goiffon), we had to 
give serious thought to an absorption dis- 
turbance as causative factor. Especially in 
view of the foaming and the low pH of the 
faeces we thought of fermentation as a 
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result of a disturbance in carbohyd ate 
absorption. The nutritional componnts 
to be suspected in this connection, are 
starch, lactose and saccharose, as t/iese 
substances as such cannot pass the in- 
testinal wall,—in contrast to the mono. 
saccharides glucose, galactose and fruc- 
tose—but are first split in the intestine 
into monosaccharides: glucose, gluco: + 
galactose and glucose + fructose, respec. 
tively (see Scheme I), followed by absorp. 
tion. However, if the »carbohydrate-split- 
ting enzymes amylase (= diastase), mal- 
tase, lactase and invertase (= saccharase) 
are absent or insufficiently active, starch 
(dextrins, maltose), lactose and saccharose 
may reach the ileocaecal region and there 
be attacked by the intestinal bacteria, to 
cause a vigorous fermentation with forma- 
tion of lower organic acids, with harmful 
results. 

That one has to reckon with these con- 
siderations became clear when Holzel 
et al. published recently about 2 children 
suffering from chronic diarrhoea caused 
by lactase deficiency. Some cases of starch 


ScuEME I. Splitting of carbohydrates for absorption: 


STARCH 
+ amylase ( = diastase) 
(pH 5-6.9) 
from saliva, pancreas 
and the intestinal cells 


dextrines + maltose 


+ maltase (pH 6.8-7.3) 
from pancreas and the 


intestinal cells cells 


glucose 


LACTOSE 


+ lactase (pH 4-6) 
from the intestinal 


glucose + galactose 


SUCROSE 


+ invertase (pH 4.5-6.8) 
from the intestinal cells 


glucose + fructose 
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intolerance classified by Andersen as 


coeliac disease are probably also caused 
by aniylase and/or maltase deficiency. 


Investigations 


Carbohydrate tolerance tests and faecal 
analysis can be used to trace possible de- 
ficiencies in carbohydrate-splitting enzy- 
mes as causes of diarrhoea. 


a. Carbohydrate tolerance tests 


In a loading test the child—in the fasting 
condition—is given 2 g of the carbohydrate 
under test per kg body weight—maximally 
50 g -in a 10 % aqueous solution. Then we 
determined whether the reducing power of 
the blood increases or not. 

Subsequently the preparation 
concerned is added to the sugar, the child is 
given this mixture with cold water and the 
curve is determined a second time. 

The starch loading test is already descri- 
bed by Althausen, analogous to the casein 
loading test. 

To test the lactase activity in the intestine, 
the lactose curve was first applied by 
Holzel and co-workers. 

If the curve only rises with the addition 
of an enzyme preparation serious thought 
should be given to an enzyme deficiency. 

When interpreting curves, one should 
realize that their course depends not only 


enzyme 
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on the rate of supply of monosaccharides to 
the blood, but also on the rate of removal of 
these substances from the blood. Supply and 
removal are, in turn, resultants of various 
factors (Scheme IT). 

It was our experience in several children 
that a flat loading curve was caused by a 
marked carbohydrate hunger of the liver. 


VThis phenomenon could be corrected by 


giving the patient an extra amount of glu- 
cose during 5 days. 

Some cautiousness is therefore warranted 
in the interpretation of the various curves. 
Usually, however, they can be evaluated as 
follows (Schemes IIT and IV). 

The situation is normal if, after loading 
with 2 g lactose, maltose or saccharose per kg 
body weight, an increase of the reducing 
power of the blood serum is found of ap- 
proximately 50 mg %, expressed as glucose. 
This means that both the enzyme activity 
and the absorption are good. 

If, however, the curve rises less than 20 
mg %, we should expect a too low lactase, 
maltase or invertase activity, or a disturb- 
ance in the absorption. To find out which is 
responsible, the curves are repeated but now 
with addition of the enzyme concerned. If 
the curve rises after this addition, the as- 
sumption of a too low enzyme activity in 
the intestine, is justified. If, however, the 
curve remains flat in this case also, the load- 
ing should be repeated once more, namely 
with the monosaccharides which form the 
elements of lactose, maltose and saccharose; 


ScuEMeE II. Factors influencing the course of a carbohydrate loading curve 


SUPPLY 
. dosage 
. speed of absorption 


1. speed of gastric emptying 

2. fermentative splitting in the intestine 

3. absorption by the cells of the intestinal wall and 
transport through the portal vein 


c. glycogenolvsis 


REMOVAL 
a. glycogen synthesis 


b. direct combustion in the tissues 


c. threshold value of the kidney 


al 
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III. 


Lactose tolerance test 


(0.7'-7'.) 


an increasing curve: a flat curve: 
NORMAL LACTASE ACTIVITY 
AND NORMAL ABSORPTION loading with glucose + galactose 
an increasing curve: a flat curve: 
LACTASE DEFICIENCY DISTURBED ABSORPTION 


proof: loading with lactose + 
lactase: increase 


Sucrose tolerance test 


(Su.T7.T.) 


an increasing curve: a flat curve: 

NORMAL INVERTASE ACTIVITY 

AND NORMAL ABSORPTION loading with glucose + fructose 
an increasing curve: a flat curve: 
INVERTASE DEFICIENCY DISTURBED ABSORPTION 


proof: loading with sucrose + 
invertase: increase 


ScHEME IV. 


Starch tolerance test 
(St.7'.7'.) 


an increasing curve: a flat curve: 
NORMAL AMYLASE- AND MALTASE- A. DISTURBED ABSORPTION 
ACTIVITY AND NORMAL ABSORPTION proof: loading with glucose: no increase or/and B. MAL- 


TASE and/or AMYLASE DEFICIENCY 


followed by a 


Maltose tolerance test 


an increasing curve: a flat curve: 
AMYLASE DEFICIENCY A. MALTASE DEFICIENCY 
proof: loading with starch + amylase: proof: loading with starch + maltase: increase 
increase B. MALTASE AND AMYLASE DEFICIENCY 


proof: 1. loading with starch + maltase: no incre: se 
2. loading with starch + maltase + amyla e: 
increase 


in ot 
amo 
cose 
In tl 
ban 
A 
saccl 
for 
amy! 
2: 
of 
redui 
50 n 


good 


(St. 
agalil 
ment 
TI 
asin 
If 
shov 
shou 
toler 
a mi 
norr 
is gO 
be d 
the 
addi 
shov 


caus 


as to 
f lif 
| 


P TION 


TION 


DIARRHOEA CAUSED BY DEFICIENCY OF SUGAR SPLITTING ENZYMES 


in other words, with a mixture of equal 
amounts of glucose and galactose, and glu- 
cose, and glucose and fructose, respectively. 
In this case a flat curve points to a distur- 
banc: in the absorption mechanism. 

As the breakdown of starch to the mono- 
saccharide glucose takes place in two stages, 
for which two enzymes are required, i.e. 
amylase and maltase, a loading with starch 

2 per kg bodyweight, with a maximum 
of 50 g—which results in an increase of the 
reducing power of the blood serum of about 
50 mg %, expressed as glucose, points to a 
good amylase and maltase activity, as well 
as to a normal absorption. 

If the curve of the starch tolerance test 
(St.T.T.) does not rise, however, we should 
again differentiate which of the three factors 
mentioned just now is responsible. 

The absorption is to be judged by means of 
asimple glucose load; a flat curve points to a 
disturbance in the absorption. 

If thé glucose tolerance test (G.T.T.) 
shows a normal rise, however, the loading 
should be done with maltose, as a flat maltose 
tolerance test (M.T.T.) in this case indicates 
a maltase deficiency, while in the case of a 
normally rising M.T.T. the maltase activity 
is good. A deficient maltase activity can even 
be demonstrated in more detail by repeating 
the M.T.T. once more, but now under the 
addition of maltase. Now the curve should 
show a normal rise. A maltase depletion may 
cause a flat St.T.T. curve, which can be in- 
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vestigated by loading with starch under ad- 
dition of maltase. The curve should then rise. 

Besides a maltase deficiency, there may 
also be an amylase depletion. In this case 
loading with starch to which maltase has 
been added will not cause a rise, while ad- 
dition of maltase and amylase will do so. 

If both G.T.T. and M.T.T. show a normal 
rise, the flat St.T.T. can only be caused by 
an amylase deficiency. This is to be proved by 
once again loading with starch, but in this 
case only with addition of amylase; the curve 
showed then rise. 


b. Examination of the faeces 


Based on a diet that only contains glucose 
as a carbohydrate—and after previous de- 
monstration that the glucose absorption is 
good—the harmful activity of the carbo- 
hydrates starch, maltose, lactose or sac- 
charose can be tested clinically, using the 
occurrence of diarrhoea as criterion, by 
replacing the glucose by an equivalent 
amount of one of these carbohydrates. 

Moreover, chemical examination of the 
faeces may afford an understanding of the 
severity and nature of the disturbance 
(chemical methods, see Addendum). 

Bacteriological examination can be car- 
ried out by using a direct quantitative typing 
of the more significant components of the 
faecal microflora as diagnostic criterion. For 
this purpose the viable numbers of the fol- 
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Fig. 1. Sucrose tolerance test in invertase deficient patient X. 


| 
| 
| 


60 


H. A. WEIJERS ET AL. 


mg % 


170 Lactose | Lactose+ lactase Glucose + galactose 
160 patient X: | patient X: patient X: 
normal child normal child:— 
1 
140] 
130 | 
120 | 
110 
100 
90 | 
eo \ } 
70 | 
60 | 
0! i 
1 2 ho 1 2 ho 1 th 2 
hrs hrs hrs. 


Fig. 2. Lactose tolerance test in non lactase deficient patient X. 
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Fig. 3. Starch tolerance test in non amylase deficient patient X. 


lowing organisms were determined in fresh 
stool samples both during episodes of diar- 
rhoea and while recovering: 

(i) 


(ii) four typical groups of faecal bacteria; 


three broad general classes of bacteria; 
(iii) yeasts 


Results of the examinations 


a. Carbohydrate tolerance curves 


Patient X. After saccharose loading there 
was a flat curve, which points to an in- 
vertase deficiency, an absorption distur- 
bance being excluded because loading with 


glucose + fructose caused a normal rise. 


Some rise was indeed observed if the load- 


ing was done with saccharose to which 
invertase had been added (Fig. 1). 

After loading with lactose, a normally 
rising curve was determined, which means 
that a lactase deficiency was to be ruled 
out (Fig. 2). 

A flat curve was found after loading 
with starch (Fig. 3), as also after loading 
with maltose (Fig. 4), at any rate in Jaru- 
ary. In September, however, some r se 
was observed. This was not caused by a 
disturbed absorption, as the glucose ‘o- 
lerance curve showed a normal rise (F g. 
3). Neither was it possible to explain t 1¢ 
flat course of the starch loading curve »y 
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Fig. 4. Maltose tolerance test in maltase deficient patient X. 
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Fig. 6. Sucrose tolerance test in invertase deficient patient Z. 
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DIET} NORMAL MIXED MONOSACCHARIDES CORNFLAKES LACTOSE 
rever| 
80|. PATIENT _X 
TOTAL FATTY ACIDS 
hrs| ____ LACTIC ACID 
70|. 


ACETIC ACID 


Fig. 7. 


Faeces examination in patient X, suffering from maltase and invertase deficiency, on 


a basic diet supplemented successively with different carbohydrates without and with enzymes 
added from February till June. 


assuming an amylase deficiency, as a nor- 
mal quantity of amylase was determined 
by means of duodenal sounding. More- 
over, the starch tolerance curve was also 
flat with addition of takadiastase (Fig. 3). 
The explanation should therefore be sought 
for in a maltase deficiency. Loading with 
maltose, to which maltase had been added, 
indeed resulted in a normally rising curve, 
while a normal rise was also obtained by 
loading with starch to which maltase had 
been added (Fig. $). 


Patients Y and Z. A flat saccharose to- 


lerance curve was also determined in these 
children; the curve did rise if invertase 
was added during the loading (Figs. 5 ond 
6). As the rise of the two glucose-fruct ose 
curves was normal, the conclusion was: 
invertase deficiency. 

In none of the two patients could a !ac- 
tase, maltase or amylase deficiency be |le- 
monstrated. 


b. Analysis of the faeces 


In patient X, the various diet peri ds 
showed the following trend as regards he 
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quantities of faeces and its composition 
(Figs. 7 and 8). 

As shown in the above figure, the child 
suffered seriously from diarrhoea when 
being on a normal mixed diet. She pro- 
duced up to 500 g faeces per two days, 
while she also 
propertion of lower organic acids, mainly 
aceti' acid and lactic acid, increasing up to 
7g por 48 hours; these acids are a criterion 
for t ie activity of the fermentation flora 
in tl > intestine, which, in this case, was 


excreted a considerable 
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Fig. 8. Continuation of Fig. 7, from June till October; the encircled part is given more detailed in 
Fig. 10. 


abnormally great. It is therefore no cause 
for wonder that the pH of the faeces was 
low, even as low as pH 4.5. The fat ex- 
cretion per 48 hours was only slightly 
above normal. 

The patient was subsequently given a 
diet that contained glucose as the only 
carbohydrate. This diet was composed as 
follows: 

7.30 a.m.: 150 g curds + 25 g Nutroma 
+ 35 g glucose 
9.30 a.m.: the press juice of one orange 
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11.30 a.m.: 100 g green vegetables + 

30 g lean meat + one spoon- 

ful of gravy 

like 7.30 a.m. 


2.30 p.m.: 
5. like 7.30 a.m. 


30 p.m.: 


This diet led surprisingly rapidly to a 
markedly favourable effect. The volume of 
the stools decreased to less than 100 g per 
48 hours, the acid excretion fell from 7 g 
to 1 g and the pH rose to 8. The fat ex- 
cretion, too, decreased to entirely normal 
values. 

The improvement was also striking in 
clinical respect. Her negativistic, slightly 
irritated adjustment to her surroundings 
disappeared and she became a cheerful, 
active little girl. 

The glucose-containing diet was con- 
tinued for 14 months, during which period 
the girl remained in an excellent condi- 
tion without producing diarrhoea. 

Then the diet was changed only in this 
respect that a part of the glucose in the di- 
et was replaced by a calorically equivalent 
quantity of starch in the form of ground 
cornflakes, a product consisting largely of 
starch and which can easily be used in the 
diet instead of glucose, by mixing it with 
the curds. The patient reacted promptly 
to this change with a considerable rise of 
the amount of lower organic acids and a 
pH, 
shortly afterwards followed by diarrhoea. 

In view of the result of the duodenal 


corresponding fall of the faecal 


intubation and the flatness of the curve 
after loading with starch to which taka- 
diastase had been added, the expectation 
justified that the diarrhoea was 
not caused by an amylase deficiency but 


was 


rather by a shortage of maltase and a 


maltase-containing preparation was there- 
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fore added to the diet, in a dosage 0 18» 
three times per day, given after one. 
third of the meal had been eaten. 4 
the 
diarrhoea decreased, while the exc: etion 


favourable influence was observed 


of lower organic acids also became some. 
what less, especially when the quantity of 
maltase preparation was raised up to 27 , 
three times daily. 

Although an improvement was percep. 
tible, it was not until reverting to the glu. 
cose diet as used in the previous period, 
that it became evident that this improve. 
ment had been only partial, as the glucose 
diet was directly followed by a further 
favourable reaction, to such a degree that 
the diarrhoea disappeared entirely, a 
also the increased acid excretion and the 
faecal pH rose. In our opinion, the cause of 
the moderate change for the better after ad- 
ministration of maltase, finds an explana- 
tion in the fact that maltase is very acid- 
sensitive, resulting in a considerable los 
of activity during the passage through 
the stomach. 

When, subsequently, 3 x 12 g of the 
glucose of the diet was replaced by 3 « 12 
g lactose, this had no harmful sequelae. 
This confirmed the expectation that 
there was no lactase deficiency—an ex- 
pectation formed already on the basis of 
the lactose loading curve. 

Finally, 3 x 12 g glucose of the glucose- 
diet was replaced by an equal amount of 
saccharose. In view of the saccherose 
loading curve, diarrhoea was again t» be 
expected; it did in fact occur, immedia- 
tely and very violently, accompaniec by 
a considerable excretion of lower org sni¢ 
acids, the pH of the faeces falling as lov 
as 4. 

The favourable reaction after addi ‘ion 
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of 4 250 mg of an invertase preparation 
occu: ved as promptly as the unfavourable 
effec’ 

The 
more. in general with the same result. It 


of saccharose without invertase. 


experiment was repeated once 
was this time shown that even half the 
amount of invertase had a favourable 
effect. 

Now overripe bananas were added to 
the diet (bananas contain saccharose and 
little or no starch, especially when over- 


ripe) to which the patient reacted imme- 


diately and violently with diarrhoea and 
markedly increased acid excretion. 

Addition of invertase had the expected 
favourable effect. In the beginning the 
diarrhoea returned, however, but disap- 
peared again although no special mea- 
sures were taken. Some days later it 
transpired that the unexpected aggrava- 
tion of the diarrhoea and of the acid ex- 
cretion had been caused by the eating of 
sweets containing several grammes of 
sucrose, which the patient had been given 
by her grandmother in spite of our pro- 
hibition. 

As a deficient enzyme activity might 
not only be caused by an enzyme shortage 
but also by too low a pH in the duodenum, 
starch was subsequently given—as pota- 
toes —with addition of 3 x 750 mg NaHCO 
per day. This addition had, however, no 
favourable influence. 

We also studied whether the enzyme 
glucamylase exerted a favourable influence 
on the digestion of starch, as this enzyme 
is less susceptible to the influence of 
gast:ie acid than maltose. However, the 
bree <down of starch by glucamylase dif- 
fers from that by amylase + maltase, as 
gluamylase at once splits off glucose 
wit’ out the formation of maltose as an 
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intermediate product. It is therefore ca- 
pable of compensating a maltase shor- 
tage. 

As, however, the pancreas activity of 
the patient was normal, a competition 
between the amylase and glucamylase 
activities was to be expected. In other 
words, there was a fair chance that, in 
spite of the presence of glucamylase, mal- 
tose would still be formed as glucamylase 
is able to break down starch directly to 
glucose, but leaves maltose intact. 

Glucamylase had indeed no favourable 
effect; the diarrhoea and the high acid 
excretion persisted; on the other hand, the 
lactic acid excretion decreased under the 
influence of glucamylase. 

The original glucose diet was finally 
given again, following which the diar- 
rhoea disappeared. 

As we therefore did not succeed in 
remedying the deficient maltase activity 
by some preparation or other, the child 
was discharged on the glucose diet. This 
may be supplemented with saccharose, 
provided invertase is also given. The 
child (Patient X) is in very good condi- 
tion on this diet and no longer suffers 
from diarrhoea. 

Patients Y and Z (Fig. 9) showed the 
same rapid intense reaction to saccharose 
as patient X. They also showed a prompt 
recovery after addition of invertase to 
the diet. 

On differentiation of the lower organic 
acids in the diarrhoea periods (see Fig. 
10) it appears that the faecal fatty acids 
consist of more than 90 % of lactic acid 
and acetic acid. A particularly remark- 
able feature is the high excretion of lac- 
tic acid, as this acid was almost entirely 
absent in all three patients in periods 


SUCROSE SUCROSE 
PATIENT Y PATIENT Z 

____ TOTAL FATTY ACIDS 
ACETIC ACID 


pH 


400, 
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200|_ 
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Fig. 9. Faeces examination in patients Y and Z, 

suffering from invertase deficiency; on a basic 

diet supplemented with monosaccharides and 
sucrose, resp. 


The 


cretion runs parallel to that of lactic acid, 


without diarrhoea. acetic acid ex- 
but is not entirely absent in periods free 
of diarrhoea. 

As regards the acids excreted to a 
much less degree than lactic acid and ace- 
tic acid, the excretion of formic acid and 
perhaps also of isobutyric acid runs paral- 
lel to the lactic acid and acetic acid ex- 
cretion. The behaviour of propionic acid 
and butyric acid is quite different, how- 
ever, and there is no excretion at all of 
valeric acid and isovaleric acid in diar- 
rhoea periods in which lactic acid and ace- 
tic acid are excreted in such abnormally 
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great amounts. Finally, neither in normal 
periods nor in diarrhoea periods was it 
possible to demonstrate caproic acid (C;). 

The first change observed durin: the 
onset of a diarrhoea period is an increase 
in the acetic acid excretion; thus the pH 
in the intestinal lumen is lowered and it 
seems acceptible to suppose that thus the 
growth of a lactic acid-forming bacterium 
is made possible, but this growth entirel 
disappears again as soon as the pH begins 
to rise due to a decrease of the fermenta- 
tion, viz. when the disaccharides are split 
and therefore absorbed, less carbohydrates 
being offered to the intestinal flora. 

In view of the data collected so far it 
seems probable that especially the lactic 
acid excretion is a criterion for abnormal 
fermentation caused by disturbed carbo- 
hydrate absorption. It is therefore very 
fortunate that this acid can separately be 
determined in a relatively simple and 
rapid way. 

The results of the bacteriological exa- 
mination are given in Table 1; it may be 
stated here that in no case either Sal- 


monellae were observed or numbers of 
Staph. aureus exceeding the order 10° 
per gramme. 

Increases in total counts and count of 
faecal streptococci and Bifidibacterium 
bifidum and decreases in counts of aerobic 
proteolytic bacteriaea, Hnterobacteriaceae 
clostridia, were 


and sulphite-reducing 


generally noticed when the patients 
showed diarrhoea. However, these 
teriological changes, with the exception 
of the 


streptococci during diarrhoeal episo les, 


increase in numbers of favcal 
never reached the same order of magnit ide 
and therefore of diagnostic reliability as 
the decrease in pH or increase in la *tic 
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iN DIET LACTOSE 


ADDITION 
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INVERTASE | — INVERTASE 


SUCROSE 


PATIENT X 


TOTAL FATTY ACID 
LACTIC ACID 
ACETIC ACID 


PROPIONIC |ACID 
BUTYRIC ACID 


FIORMIC ACID 
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0.05, | 
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1959 


Fig. 10. Differentiation of the lower fatty acids excreted with the faeces in patient X on diets 
containing lactose and sucrose resp.; part of Fig. 8. 


acid content, concurrently observed. Be- 
cause the reliable determination of faecal 
streptococci in faeces is a more involved 
and time consuming procedure than the 
chemical tests mentioned it seems prefer- 
able to rely on an indirect biochemical 
criterion rather than on a direct bacterio- 
logical one in this case. 


Discussion 
1 the cases mentioned in literature 
(D rand 1958, 1959, 1960, Darling, Jeune) 


5* 173111 


a lactase-deficiency is causing lactosuria 
with or without diarrhoea, whereas in the 
two cases described by Holzel and cowor- 
kers diarrhoea was demonstrated without 
lactosuria. 

In three children we were able to demon- 
strate that chronic diarrhoea can also be 
caused by maltase and/or invertase de- 
ficiencies, whereas only traces of sugar 
were excreted with the urine. Patient X 
could convert neither maltose (i.e. also 
starch) nor saccharose into monosaccha- 
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TABLE 1. Bacteriological differentiation of faeces as influenced by diet in a patie! 


suffering from maltase- and invertase deficiency (Mossel)." 


Bacterial counts per one 
gramme of fresh faeces 


Diet with maltose 
or sucrose 


Same plus corresp. 
enzymes; or diet 
with glucose only 


Total aerobic count 0.2 x 10!°— 0.4 x 104 0.1 x 10!°— 0.8 x 101° 
Total anaerobic count 0.7 x 10° —0.4 x 10! 0.1 x 101°— 0.2 x 101° 
Aerobic proteolytic count 0.1 x 10° —0.2 x 108 0.9 x 10° —0.5 x 10° 
Enterobacteriaceae 0.3 x 108 — 0.8 x 10° 0.8 x 10® —0.3 x 101° 
Faecal streptococci 0.4 x 109 — 0.4 x 101 0.2 x 107 —0.7 x 108 
Sulphite reducing clcstridia 0.4 x 105 — 0.6 x 107 0.1 x 105 — 0.6 x 10° 
Bifidibact. bifidum 0.2 x 10° —0.8 x 10" 0.3 x 10° — 0.8 x 101° 
Yeasts 0.6 x 104 —0.7 x 107 0.4 x 104 —0.1 x 107 
pH value of faeces 4.7-—5.8 6.4 — 7.2 


rides, while the other two little patients, 
though capable of converting starch into 
glucose, were, just as patient X, incapable 
of splitting saccharose into glucose + fruc- 
| tose. Thus the non-absorbed disaccharides 
‘and starch are attacked by the bacteria 
further down the intestine, which results 
in fermentation with subsequent forma- 
tion of organic acids, mainly acetic and 
lactic acid. These acids, and possibly also 
other metabolites of the bacterial flora, 
irritate the intestine, which reacts to this 
with increased peristalsis, excretion of 
fluid and mucus formation, due to which 
the absorption is disturbed, with subse- 
quent diarrhoea. 

Of the patients discussed one therefore 
suffered from a maltase + invertase defi- 
ciency, the other two only from an in- 
vertase deficiency. 

The invertase deficiency was excel- 
lently compensated for by an invertase 
preparation, and was, of course, also re- 
medied by a saccharosefree diet. 

We failed to compensate the maltase 
deficiency with the help of enzyme pre- 
parations, as the maltase and glucosidase 
preparations used were ineffective in this 


respect. It may be that a combination of 
these two preparations, provided with a 
coating so that the maltase is not inacti- 
vated in the stomach, will lead to favour. 
able results. This is under investigation at 
present. 

Sodium bicarbonate was useless for 
protecting the maltase or exerting a 
favourable influence on its activity. 

Recently we were also able to confirm 
in a three-months old infant with a 
stubborn diarrhoea the observation made 
by Holzel that a diarrhoea can be caused 
also by a lactase deficiency whereas no 
sugar was excreted with the urine. The 
diarrhoea was stopped and the baby started 
growing by excluding only lactose from 
the diet, whereas adding lactose to the 
diet caused again diarrhoea. The child 
showed also a flat lactose tolerance curve. 

So far we cannot state with certainty 
whether these enzyme deficiences are of 
a familial nature and permanent, or only 
transient. 


Holzel and co-workers demonstrat 2d 


1 The authors are greatly indebted to "Dr. 
D. A. A. Mossel for the bacteriological inve:ti- 
gations and for the interpretation of the resu ts. 
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lacts-e deficiency in two children out of 
one iamily, the eldest of whom was al- 
ready 10 years of age and this makes one 
inclined to believe that these enzyme de- 
ficiencies are familial rather than transient 
and this belief is strengthened by a recent 
observation we have made on the 13-year- 
old sister of patient Z, in whom we find 
an invertase deficiency, which had not 
led so far to trouble clinically as she con- 
sumes practically no sugar. 

It may be concluded that deficiencies 
of carbohydrate splitting enzymes in the 
intestine may give rise to chronic diarrhoea 
with all the consequences involved, even 
with arrest of growth. This should always 
be kept in mind when one tries to find 
the cause of an intractible diarrhoea. 


Summary 


In 3 children suffering from chronic 
diarrhoea in which all normally occurring 
causes (including coeliac disease) were 
ruled out, the absence (or defective func- 
tioning) of invertase and/or maltase was 
proved to be the cause. The diarrhoea 
was arrested with a monosaccharide diet, 
and in the case of invertase deficiency also 
an invertase preparation helped. The ob- 
servation of Holzel et al. that a chronic 
diarrhoea—without excretion of lactose 
with the urine—also can be caused by 
lactase deficiency could be confirmed in 
another child. 

‘he criteria were the severity of the 
diarrhoea, the pH of the faeces and the 
excretion in the stools of lactic acid and 
the volatile lower fatty acids, gas-chro- 
m: ographically differentiated into for- 
mi acid, acetic acid, propionic acid, (iso)- 


butyrie acid, (iso)valeric acid and caproic 
ac: 
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It appeared that for the diagnosis of 
diarrhoeas caused by carbohydrate in- 
tolerance, the lactic acid content of the 
faeces is especially valuable. Differentiation 
of the faecal flora gives no help. 

In no case more than traces of sugar 
where excreted with the urine. 
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Addendum 


After delivery of this manuscript we could 
observe two resp. three patients in two dif- 
ferent families suffering from lactase defi- 
ciency, giving support to the presumption 


that these deficiencies are , 


Experimental"part 


Faeces investigation 

1. Quantity 

2. Dry substance 

3. pH, colorimetrically 

4. Fat content according to Van de Kamer 
et al. 

. Content of lower molecular organic fatty 


acids according to Gerritsma 


A maximum of 10 g well-mixed faeces in 
50-75 ml water are transferred to a calibrated 
flask of 100 ml, after good trituration. After 
addition of 3 ml FeCl, solution! the mixture 
is made up to 100 ml, following which 3 g 
Ca(OH), is added. After vigorous shaking, 
the flask is left standing for 5 minutes; sub- 
sequently the mixture is filtered off—under 
Biichner filter (9 9 cm) 
provided with three discs of filter paper 
(Schleicher and Schill No. 595) (Gotffon). 


suction—over a 


1 Prepared as follows: a solution of 10 g 
FeCl,:6H,O in water, made up to 100 ml, under 
addition of 2 drops of concentrated HCl. 
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Destillation 
Friedemann. 


Fig. 11. apparatus according to 


In this way the higher fatty acids are sepa- 
the the of Ca 
soaps, while the lower fatty acids are col- 


rated from faeces in form 


lected quantitatively in the filtrate. 


a. Determination of lactic acid 


the filtrate, containing 


about | mg of lactic acid, if need be made up 


In a part of 


to 5 ml, the lactic acid is determined ac- 
cording to the method of Long with the fol- 
lowing modifications proposed by Gerritsma. 
Acetaldehyde is transferred to the bisulphite 
solution with nitrogen instead of air; crystal- 
line potassium metabisulphite (IKSO, SOx.) 
is used instead of the pulverized sodium 
the 
wash the stream with bisulphite should not 


metabisulphite, while beads used to 


have a diameter larger than 3 mm. 
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b. Determination of the total content of ‘ower 
volatile fatty acids 

50 ml of the calcium filtrate of the { ieces 
are distilled in a distillation apparatus ae. 
cording to Friedemann (see Fig. 11). 

After addition of 8 g MgSO, and 4 111 10 
N-H,SO, steam is bubbled through, while 
the flask is heated, in the beginning with a 
big flame until the volume has been reduced 
to 30 ml. 

Then the flame is adjusted in such a way 
that the volume remains about 30 ml, and 
250 ml distilled 
After bubbling through of nitrogen, titration 
is done with 0.1 N NaOH on phenolphitha- 
lein (t,). 

Then the content of lower volatile fatty 


are over in 45 minutes. 


acids per 100 g faeces is: 


2x10 0.1 xt, 


The content in mg of each acid separately 
is calculated from the titrations after gas- 
chromatographic separation (see sub ¢). 

If much lactic acid is also present, a cor- 
rection can be made for this, as, according 

‘ 


to Friedemann, ¢ 
the distillation. 


% of it is carried over in 


ce. Determination of the content of each of the 
lower fatty acids separately 

After addition of a few drops of 0.1 N 
NaOH, the neutralized distillate obtained 
under b. is evaporated into a small volume. 
This is washed with water into an Erlen- 
meyer flask of 50 ml and dried by evapora- 
tion on a steam bath. Then are added 4 ml 
ether and 0.25 ml 4 N sodiumhydrosulphiate. 
If there is more than 0.9 mEq total acid 
present, more sodiumhydrosulphate solut ‘on 
should be added, namely such a quantity 
that there is an excess of about 10%. The 
mixture is vigorously stirred and the silt 
residue thoroughly loosened with a stirring 
rod. Subsequently, 0.5 g dry Na,SO, is #d- 
ded for each 0.25 ml sodiumhydrosulph: te 
solution, and the solution shaken until it 
has become clear. After 30 minutes the so u- 
tion is filtered through a small wad of c ‘t- 
ton wool into a calibrated flask of 10 or 
25 ml. The residue is eluted with portic.s 
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of | ml ether. After mixing with ether 
and making up to 10 or 25 ml, formic 


acid, acetic acid, propionic acid, isobutyric 
acid, butyrie acid, isovaleric acid, valeric 
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acid and 
determined by gas-chromatography accord- 
ing to James & Martin modified by Van 
de Kamer, Gerritsma & Wansink. 


caproic acid are quantitatively 
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CASE REPORTS 


The occurrence of aberrant pancreatic 
tissue in various abdominal organs, es- 
pecially in the gastro-intestinal tract, is 
The 


usually small, does not give rise to symp- 


not infrequent. aberrant tissue is 
toms and is commonly found incidently at 
operations and autopsies. In some cases, 
however, it can actually give rise to ob- 
struction, invagination (16), or other 
disturbances. 

In addition to mechanical complica- 
tions, pancreatitis (5, 18), malignant de- 
generation and, occasionally, hypertro- 
phy of the islands of Langerhans with 
resulting hyperinsulinism (3) occur in the 
aberrant tissue. 

Danzis has classified ectopic pancreatic 
tissue as: I—aberrant pancreatic nodules, 
having no connection with the pancreas 
proper. [I1—annular pancreas, occurring 
less frequently than the nodular forms. 

A combination of these types has only 
been reported sporadically (6). 

This article is chiefly concerned with 
annular pancreas, with reference to two 
infants observed in the Peediatric Clinic of 
the University of Amsterdam. 


Annular Pancreas 
by A. TJON SIEN KIE, P. WITTEBOL and J. LUNDING 
From the Padiatric Clinic of the University of Amsterdam (Head; Prof. Dr. S. van Creveld), the Surgical Cli- 
nic of the University (Head: Prof Dr. A. Kummer) and the Department of Rantgenology of the Binnengasthuis, 
Amsterdam (Head: Dr. H. E. A. Fermin) 
Case 1: 


The patient, a male infant, the first child 
of young healthy parents (negative family ) 
history), was admitted to the Clinic on Au- 
gust 23, 1953, a few days after birth. 

The birth weight was 2.700 g. When the 
infant received its first breast feeding, it 
was observed that the child did not drink 


well and vomited (non-projectile) a great } 


deal; this condition remained unaltered in 
the course of the following days. The vomni- 
tus was egg-yellow; there was no admixture 
of blood. On the third day, meconium was 
passed. At the time of admission the child 
was sluggish, extremely hypotonic; the skin 
turgor was markedly decreased. The large — 
fontanel was not sunken. There were mon- 
goloid stigmata but no abnormalities were 
found in heart or lungs; liver and _ spleen 
were not palpable. There was, however, 
clearly visible peristalsis in the epigastric 
region. 

Shortly after the first feeding, the in/‘ant 
vomited, in a large wave, canary-yellow 
fluid (acid reaction). Despite the adminis- 
tration of a hypodermoclysis and the lis- 
continuation of oral feeding, the patient 
vomited a few more times. 

On Aug. 26, roentgenological examina‘ ion 
revealed a large gas bubble and a few sme ler 
ones in the upper abdominal quadr: nt. 


— 


Lipiodol, introduced into the stomach, 
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Fig. 1. 


Fig. |. Survey film of the 


ANNULAR PANCREAS 


Fig. 2. 


abdomen with the presence of air in the stomach and duodenal 


bulb only. 


Fig. 2. Lipiodol, introduced into the stomach, passed the pylorus, but was retained in the 
descending segment of the duodenum. 


able to pass the pylorus but was retained in 
the last portion of the descending segment 
of the duodenum (Fig. 1). After four hours, 
all contrast media had collected in this area. 

Due to the child’s poor general condition 
operation was postponed till the next day. 

At operation, it appeared that the sto- 


foremost 3 


mach and the portion of the 
duodenum were markedly distended; the 
lumen of this latter organ showed a diameter 
of some four centimeters. At the border of the 
distended and non-distended segment, the 
be affixed to the 


posterior abdominal wall as well as to other 


intestine was found to 
intestinal loops, which accounted for the 
stenosis. 

Directly caudal to the stricture the in- 
testine was completely collapsed. 

Cleavage of the adhesions enabled mo- 
bilization of the duodenum and it was then 
as nple matter to press the gaseous con- 


tents of the stomach through the stenosis. 
Aft.» the operation the child still vomited 
bile but the abdomen was no longer disten- 
dec and peristalsis could be clearly heard. 


‘a September 4, signs of abdominal dis- 
ten ion appeared again. Roentgenologic ex- 


demonstrated the same condi- 


am nation 


tion as had been present prior to the opera- 
tion. In a second operation a isoperistaltic 
duodeno-jejunostomy was performed. , The 
post-operative course was good initially, but 
was complicated, thereafter, by dyspeptic 
symptoms and a fever of up to 39.4°C. The 
general condition deteriorated, and despite 
withholding of oral feeding and administra- 
tion of plasma- and glucose-salt infusions, 
the patient expired. 

Post-mortem examination revealed: 

No free fluid in the abdominal cavity. 

The anastomosis between the jejunum 
and duodenum to be adequate. 

The proximal portion of the duodenum 
was extremely distended, and a fibrous ring 
was found approximately 3} em from the 
pylorus. This ring, } em thick with a width 
of a few mm caused constriction of the duo-_ 
denum leaving only a narrow opening. 
disclosed the 
presence of pancreatic tissue, containing ma- 


Microscopic examination 


ny granulocytic inflammatory infiltrations. 


Case 2: 

The patient, a female infant born on 
November 28, 1958, was the first child of 
an elderly primiparous mother; both parents 


{ 
\ 3 
| 
| 
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nt. 


were healty. The gestation period was un- 
eventful, with the exception of a toxicosis 
and accompanying pre-eclamptic signs at 
the close of the pregnancy. In the thirty- 
seventh week the membranes broke spon- 
taneously and approximately eight liters of 
amniotic fluid were lost. A spontaneous birth 
followed; the child cried immediately. The 
birth weight was 2500 g. 

On the first day of birth, it was observed 
that fluid ran from her mouth; there were no 
accompanying attacks of cyanosis. The fol- 
lowing day, the child vomited everything 
(non-projectile). The vomitus was not bili- 
ous, there was no admixture of blood. 
Meconium was passed shortly after birth. 
The infant showed a continual loss of weight 
and became increasingly apathetic. 

At admission, on December 3rd, a deathly 
ill, severely dehydrated, and extremely apa- 
thetic child was seen. The skin was gray- 
cyanotic in colour and showed practically 
no tonicity. There were no signs of neck 
stiffness; heart and lungs were normal. The 
abdomen was markedly sunken, there was 
no visible peristalsis, and palpation did not 
reveal any enlargement of the liver or spleen, 
or any abnormal resistances. Introduction of 
a probe into the stomach ruled out the pos- 
sibility of an atresia of the oesophagus. 
Oral feeding was substituted by intravenous 
administration of plasma and glucose-salt 
solutions. 

A great improvement in the general con- 
dition could be observed on the following 
day, but the infant remained, more or less, 
apathetic. The single vomitus that day con- 
tained haematin and showed an acid reac- 
tion; a small amount of fresh blood was also 
found in the stools. Investigation of the 
coagulation time revealed the following 
deviations: the prothrombin time (Quick) 
showed a much greater disturbance than is 
usually found in the neonatal period, i.e. 
fifty-one seconds, with a control time of 
The 
globulin concentration was found to be 16 U 
(normal 11—16 U); prothrombin 50 U (normal 
240-300 U), than 5% 
admi- 


fourteen seconds. plasma-accelerator 


proconvertin less 


70-120 %). 


(normal Intramuscular 
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nistration of 1 mg Konakion (vitam n K 
of Hoffmann-La Roche) brought the pro. 
thrombin time back to a normal value 


On December 7 
cautiously, but due to a recurrence of v »mit- 


the child was fed very 


ing, this procedure was discontinued. 
December 9: another attempt at fe 

was initially successful, but later on a 

of fluid 


ding 
small 
amount ran from the patient's 
mouth. 

Roentgenologic 
film of the abdomen revealed the presence 
bulb, 
but there was a total absence of gas in the 
remainder of the abdomen. According to 
Clatworthy & Lloyd, the “‘U’’-shaped form 
taken on by the gas in the stomach and 
duodenum, is typical for an obstruction of 
the duodenum (Fig. 2). 

Operation: The transverse colon and meso- 


examination: survey 


of air in the stomach and duodenal 


colon were adherent to the lower edge of 
stomach and duodenum; the intestines were 
in a generally collapsed condition; the co- 
lon was extremely thin. 

Careful inspection of the duodenum re- 
vealed that its descending portion, lying 
deep in the posterior abdominal cavity, was 
encircled by a band of pancreatic tissue, 
% cm in width. Proximal to this band, the 


duodenum showed a marked distension. 
An isoperistaltic, side-to-side, duodeno-jcju- 
nostomy was performed. The postoperative 
course was complicated by bilious vomiting; 
however, a postoperative survey film of the 
abdomen demonstrated gas-filled intestinal 


loops. 


Fig. 3. Patient at the age of six months 
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Th patient’s general condition remained 
satis!’ ctory on intravenous administration 
of plisma-glucose-salt solution and after 16 
days the child adapted itself quite well to 
oral feeding. 

On February 14, 1959: the child was dis- 
charged from the clinic in good condition, 
weighing 3500 g. 

Follow-up examination on May 23, 1959, 
disclosed that the child no longer vomited, 
ate well, and had gained 3410 g (Fig. 3). 

On April 7, 1960 we saw the child again; it 
was in perfect condition. 


Occurrence and clinical picture 


Annular pancreas is a developmental 
anomaly in which the descending portion 
of the duodenum becomes encircled by a 
ring of pancreatic tissue. 

This disturbance was first described by 
Tiedemann (1818) in an adult man and 
woman. Ecker (1862), introduced the term 
annular pancreas, and Vidal (1905), was 
the first to describe this condition in an 
infant; the patient being three days old. 
Since that time, many cases have been 
published (9, 13, 14, 20, 21, 23, 24, 25). 
The majority of the cases have been 
reported in males. In 1953, Swynnerton & 
Tanner collected sixty-four cases, fifty of 
whom were males. Many cases did not 
show any associated clinical signs and have 
only been reported in the literature as in- 
cidental findings after the death of the in- 
dividual from other causes. 

Of fifty-eight cases reported by Bick- 
for’ & Williamson in 1954, only eighteen 
showed clinical signs. 

Tie first symptoms usually are the 
t of an acute or recurrent closure 
of ‘1e duodenum, and can take the form 
of. partial or total obstruction (the two 
s presented here). In the latter condi- 
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manifest 


tion, will become 


shortly after birth; a partial closure may 


symptoms 


become complete at a later age (Custer & 
Waugh: 74 yr.), e.g., oedema of the mucosa. 
The presence of bile pigments in the vo- 
mitus is dependent on the occurrence of 
the pancreatic ring proximal or distal to 
Vater’s papilla. 

Roentgenological examination with a 
contrast medium is generally unnecessary 
in a neonate with total occulsion. The 
presence of gas in the stomach and its 
absence in the abdomen, visualized on a 
plain survey film, usually gives sub- 
stantial evidence for a diagnosis. The use 
of a contrast medium is, however, indis- 
pensable for the investigation of the 
partial closures, as manifested in older 
patients. 

As was seen in the first patient descri- 
bed, an acute or chronic pancreatitis can 
appear, accompanied by severe abdominal 
pain and distension, a rapid pulse, and a 
rise in temperature. The inflammation can 
be localized in the normally present pan- 
creas, in the aberrant pancreatic tissue 
ring, or in both. 

In a few cases pressure on the bile ducts 
has resulted in the development of jaun- 
dice (1, 22). Frequently, the condition is 
accompanied by a gastric- or duodenal 
ulcer, which may give rise to haemate- 
mesis and/or melaena. The mechanism as 
regards this latter situation is not appa- 
rent; some investigations assume that it 
is due to a stasis of gastric juices. Cohen 
described a case where the protective 
mucous membrane in the pyloric area had 
been ulcerated; he ascribed this to an irri- 
tation by the pancreatic juices; others 
claim that the ulcer is due to pressure 
atrophy. Whether an ulcer had developed 
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Right ventral bud 


tT 


Main pancreatic duc: 


Fig. 4. Normal pancreatic development. A. Initial stage with dorsal and ventral anlage. The left 
ventral anlage (shaded) atrophies and disappears. B. Later stage with rotation of the duodenum, 
C. Adult form. (After Anderson & Wapshaw.) 


in our second patient (haematin con- 
taining vomitus), cannot be ruled out 
with any certainty, but we are inclined 
to believe that this was not the case. It is 
most probable that the haematemesis 
was due to the very low concentrations of 
proconvertin and prothrombin. Owing to 
the fact that these coagulation factors 
were normalized after the administration 
of 1 mg vitamin K, it can be concluded 
that the deficiency of these factors was not 
a result of hepatic insufficiency, but rather 
due to a lack of vitamin K. This can be 
further accounted for when we consider 
that the bacteria, necessary for the pro- 
of vitamin K in the intestines, 


duction 


were not able to reach the bowels, result- 
ing in a disturbance in vitamin K_ pro- 
duction. 

Duodenal occlusion, either due to an 
atresia or to annular pancreas, is fre- 
quently found in combination with other 
congenital abnormalities; its particular as- 
sociation with mongolism is well known. 


Aetiology: 


The pancreas is developed from a dovsal 
and ventral primordium (Fig. 4). The dc ‘sal 
anlage lies just above the ductus choledoc nus 
and gives rise to the formation of the e1.‘ire 
pancreas, with the exception of the un !er- 
most right quadrant of the head of this or. an. 
The ventral anlage is made up of two eg- 
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Right ventral bud Dorsal anlage 


Fig. 5. Theories of development of annular pancreas. A. Lecco’s theory with the fixed top of the 

right ventral anlage. B. Baldwin’s theory in which the left ventral anlage is retained and becomes 

larger. C. Tiekens’ theory with hypertrophy of the right ventral and the dorsal anlage. (After An- 
derson & Wapshaw). 


ments, each located on opposite sides of the 
ductiis choledochus; the left segment usually 
becomes atrophic and disappears. Rotation 
of the intestines is accompanied by a move- 
ment of the residual ventral anlage to the 
and dorsalwards, ultimately fusing 
with the dorsal anlage, forming the under- 
most right quadrant of the head of the pan- 
creas. 

At the present time, there are various 
theories concerning the formation of the 


right 


annilar pancreas (Fig. 5). 

I. According to Tieken, the ring is suppo- 
sed to be formed by the hypertrophy of the 
ventral and dorsal segments of the head of 
the »anereas. These two segments approach 
eac’, other and fuse to the right of the duo- 
der im. This theory is supported by Brines, 
anc Lerat. According to Lerat, the hyper- 
tro; hy is a result of an inflammatory process. 
Lecco, assumes that the top of the 


right segment of the ventral anlage becomes 
fixed. Due to the rotation of the intestines a 
band shaped organ is formed around the duo- 
denum. This theory is in agreement with the 
fact that in the majority of the cases studied, 
the excretory duct of the ring commences 
on the ventral side of the duodenum, run- 
ning over this organ to the right and dorsal- 
wards, and finally coursing over the dorsal 
surface to the left; ultimately emptying into 
the duodenum. 

Baldwin, suggests the possibility 
that in some cases the left segment of the 
ventral anlage is retained. This supposedly 
becomes larger in size, eventually giving rise 
to the formation of the ring. 

IV. The potential ability to form pan- 
creatic tissue is still retained by the primitive 
intestine. Normally this potential is concen- 
trated in the dorsal and ventral anlage. If 
this various 


concentration is incomplete, 
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glands appear at the same level, fusing at a 
later stage to produce the ring-form pan- 
creas. Erimoglu, who advanced this theory, 
found, after studying a tissue preparation ob- 
tained from a 46-year-old man, that in addi- 
tion to the pancreatic duct, there were also 
four other smaller excretory ducts which ran 
separately from the ring to the duodenum. 


Therapy: 


The necessity for surgical intervention 
will depend upon the degree of obstruction. 
In most cases, the diagnosis is not made 
preoperatively, and the finding of an an- 
nular pancreas usually is a surprise. 

In the course of time a number of different 
techniques have been employed. 

1. Lerat, performed a partial resection of 
the ring with good results, while both Sil- 
vis’ and Howard’s cases were complicated 
by a pancreatic fistula. 

The frequent occurrence of duodenal at- 
resia at the site of the pancreatic ring im- 
poses an additional disadvantage to this 
technique. At most, resort can be made, in 
these cases, to a Heineke-Mickulicz plastic 
operation. 
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2. If the diagnosis is made at a late: age, 
the condition is usually associated wi h an 
uleus ventriculi, chronic gastritis anc scar 
formation. In these cases, Custer and V\ augh 
resorted to partial gastric resection. 

3. Posterior gastro-enterostomy wa. em.- 
ployed by Vidal, as well as by Bickford & 
Williamson. 

4. In general, isoperistaltic dudeno-jeju- 
nostomy is considered to be the best techni- 
que (14). 


that it prevents stasis in the portion of the 


This method has the advantage 


duodenum above the obstruction. 


Summary 


A description of two cases of annular 
pancreas in infants, which gave rise to 
complete obstruction of the duodenum 
is presented. Based on the literature and 
personal experience, the symptomatology, 
aetiology and therapy are discussed in 
detail. 
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CASE REPORT 


Aortic Thrombosis and Aortic Medionecrosis in an Infant 


by ANDERS MOBERG 


From the Department of Pathology, Sédersjukhuset, Stockholm, Sweden 
(Head: F. Wahlgren, M.D.) 


Aortic thrombosis—usually developing 
from arteriosclerosis—is, from the patho- 
logist’s point of view, a fairly common 
occurrence in the adult. On the other hand, 
however, aortic thrombosis in infancy is 
rare. In 1956 Moberg & Reinand studied 
the literature in connection with two of 
their own cases and since then no further 
cases appear to have been published. Of the 
24 cases then on record where the patient 
was under 15, no less than 11 occurred in 
children less than 3 weeks old. There is 
no clear explanation for this preponder- 
ance of cases in the neonatal period. 

The etiology of the aortic thrombosis 
has varied in the different cases. In some 
cases the thromboses have originated in 
the umbilical artery (10) or in the ductus 
arteriosus (6). In a number of cases infec- 
tion is considered to have been the basic 
cause (3, 8, 13, 15, 19) and in one of 
Moberg & Reinand’s cases there was me- 
dionecrosis of the aorta. In almost half of 
the cases, however, no definite cause has 
been established. 

Boy born at term, weight 2420 g. The 
mother was a Para II and had had a pre- 


vious abortion. She was healthy during 


pregnancy. The delivery was normal. During 


the first 24 hours of life the child was normal. 


He subsequently became increasingly list- 
less, vomited repeatedly and lost about 400g 
daily. He was transferred to a children’s 
surgical department where, during the sixth 
day of life, the entire intestines were X- 
rayed for suspected ileus or pylorospasm. 
No changes of importance were observed. 
The patient continued to vomit and _ also 
developed diarrhoea of a slimy consistency. 
During the time that the child was in hospi- 
tal the pattern of symptoms changed con- 
tinuously and was dominated by extreme 
meconium-like vomiting. Despite adequate 
therapy the patient remained in a shocked 
condition the whole time and gave the im- 
pression of being intoxicated. During the last 
two days of life there was fetid blood vo- 
miting and dark brown to black excrement 
of a loose consistency. 

Laboratory tests showed that the hemo- 
globin, the white blood corpuscles and the 
differential blood count were all of normal 
value. Cerebral spinal fluid examination 
revealed nothing abnormal. Urine exan.ina- 
tions were normal to begin with, but on the 
15th day of life numerous red and white 
blood corpuscles appeared in the sedin nt. 
Further blood analysis showed a_ s ‘ght 


acidosis. Despite general shock treatin ent 
the patient died on the 16th day of ife. 
The post mortem revealed no cardiac »} :al- 


formation. In the left auricle there wa an 
almost pea-sized thrombus. At the inle: to 
the aorta the ductus arteriosus was th: m- 
bosed (Fig. 1). From this point a pea-s zed 
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Fig. 1. The thrombus in the ductus arteriosus extending into the aorta. 


thrombus had penetrated into the aorta. 
Proximally this thrombus was lightly at- 
tached to the wall of the vessel. 

In the abdominal aorta a large thrombus 
was visible (Fig. 2). This extended from the 
outlet of the celiac artery down to the aortic 
bifurcation. It did not continue into the iliac 
arteries. It was firmly attached to the wall 


Fig 2. 


of the vessel and entirely occluded the out- 
lets of the renal, and the superior and in- 
ferior mesenteric arteries. Both of the kid- 
neys and a large part of the intestines showed 
hemorrhagic infarction. 

The umbilicus was normal and showed no 
signs of infection. There were no thrombi in 
the umbilical veins. In the umbilical artery 


The large aortic thrombus. Note the discoloration of the kidneys due to hemorrhagic 


infarction. 


* 4 
a 
: 
an | 
9 
to 
n- 


ANDERS MOBERG 


eg 


Fig. 3. Ruptures of the elastic lamellae. Weigert’s elastic tissue stain. 130 x magnification. 


there was a thin, 3 cm long thrombus which — tion between the ruptures and the aortic 
was lightly attached to the wall of the ves- thrombosis has, however, not been found on 
sel, and which did not entirely fill the vessel. the slides. There was no sign of inflamma- 

Here and there in the lungs there were a _ tion in the aortic wall and no changes in the 
number of almost rice-sized centres which vasa vasorum. In the heart there were a 
both macroscopically and microscopically number of very small and entirely insignifi- 
proved to be aspirated blood. No significant cant fresh thrombi in the trabeculz of the 
changes were observable in the other organs _ left ventricle. The myocardium was, however, 
of the body. normal. 

Microscopic investigation revealed similar The cause of the disease and death of the 
changes throughout the entire aorta. In the patient was thus thrombosis in the abdomi- 
wall of the aorta and particularly in the nal aorta with secondary circulatory failure 
media the elastic lamellae were separated by _ in the intestines and kidneys. 
an amorphous substance with a_ positive Besides the thrombus in the abdominal 
mucoid colouring. Here and there the lamel- aorta, thrombi were also visible in the ductus 
lae were ruptured, and in and around these arteriosus, the umbilical artery, the left 
areas there were strands of cell-deficient auricle and in the trabecule of the left 
collagenous connective tissue (Fig. 3 and 4). ventricle. It is difficult to establish in w iich 
In a few places in the aortic wall, small order these thrombi developed. From the 
transverse ruptures were visible and around _ circulatory point of view it would see: : to 
these ruptures a few red blood corpuscles have been the thrombi in the heart _ hat 
could be seen, but there seemed to be no were the primary ones. But the fresh ap- 
actual dissecting aneurysm of the aorta pearance of these belied this, apart fron the 
(Fig. 5). The ruptures must therefore have fact that neither macroscopically nor m :ro- 


developed just before death. Direct connec- — scopically could any reasons be found :; ; to 


Fig. 


why 
in tl 
thro 
prin 
brok 
tion 
bus. 
desc 
SCO} 
indi 
nal 
arte 
the 
in t 
tissi 
tha: 
Tra 
not 
Des 
rup 
aor 
Sin 


des 


82 
SSSR 
|_| 
| ch: 


ortic 
don 
ima- 
1 the 
re a 
nifi- 
the 
ver, 


the 
ymi- 
lure 


inal 
tus 
left 
left 
Lich 
the 
) to 
hat 
ap- 
the 
; to 


AORTIC THROMBOSIS AND AORTIC MEDIONECROSIS 


Fig. 4. 


why the thromboses should have developed 
in these positions. It is more likely that the 
thrombus in the ductus arteriosus was the 
primary one and that fragments of this had 
broken loose, fastened in the aortic bifurca- 
tion and here developed into the large throm- 
bus. Similar cases of this type have been 
described previously (6). Both the macro- 
scopic and microscopic pictures, however, 
indicated that the thrombus in the abdomi- 
nal aorta was older than the one in the ductus 
arteriosus. The microscopic investigation of 
the aorta revealed, in several places, changes 
in the media and specially within the elastic 
tissuc. These changes correspond with those 
that are usually seen in aortic medionecrosis. 
Transverse ruptures were observed, although 


not directly connected with the thrombus. 
Des) ite this it seems probable that these 
ruptures, the aortic medionecrosis and the 
aort:: thrombosis, were directly connected. 


Sim: ar cases of this type have also been 
desc -ibed in the literature (11). 

| thus seems likely that the primary 
cha ges were aortic medionecrosis with 


Detail enlargment of Fig. 3 (see text). Weigert’s elastic tissue stain. 250 
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25 magnification. 


secondary thrombosis in the abdominal 
aorta. It is generally known that throm- 
boses can develop during the period of 
closure of the ductus arteriosus and the 


Fig. 5. Transverse rupture. The arrow indicates 
a few red blood corpuscles. Ladewig modification 
of the Mallory stain. 150 « magnification. 
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umbilical artery. It seems probable that 
this is what happened in these vessels. 
This was macroscopically evident at least 
in the case of the umbilical artery. It is 
difficult to explain the minor thrombi in 
the heart. It might possibly have been a 
result of a coagulation disorder, but un- 
fortunately the blood coagulation pro- 
perties were not investigated. Another 
and more likely explanation is hemo- 
concentration, since the patient died in a 
dehydrated condition. 


Discussion 


Medionecrosis aortae is a well-known 
disease in the adult. Gore & Seiwert have 
reported 32 cases of dissecting aortic 
aneurysm in patients of less than 40 years 
of age. They found patchy necrosis of the 
These 
changes agree with those which i.a. Merz 


elastic substance in the media. 
has described in aortic medionecrosis in 
infants. 

The etiology of this disease, which in 
itself is a causation of dissecting aortic 
aneurysms, has been widely discussed. 
12, 18,) have found 
changes in the vasa vasorum. They con- 


Certain authors (2, 


clude that ischemia of the media is the 
reason for the medionecrosis. Other au- 
thors (4, 17), however, have not been able 
to demonstrate changes in the vasa vaso- 
rum. Gore has put forward the theory 


that aortic medionecrosis is of congenital 
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origin on a _ biochemical or meti. bolic 
basis. This theory is supported by th. fact 
that Abbot, Gore, Reifenstein et al. have 
found a high percentage of congwnital 


anomalies in the heart or aorta in ‘hese 
cases. Holle, Wolf; Moberg & Reinand 
(Case 2) have all previously described 
cases of aortic medionecrosis in infants 
less than 3 weeks old. These cases and the 
case described here indicate that aortic 
medionecrosis occurs in the neqnata! pe- 
riod. This strongly supports the theory 
of the congenital origin of the disease. 


Summary 


In the literature 24 cases of aortic throm- 
bosis in children have been described of 
which 11 patients have been less than 3 
weeks old. A case is described with a large 
thrombus in the abdominal aorta of a 16 
day old boy. Thrombi were also discovered 
in the ductus arteriosus, the umbilical 
artery, the left ventricle and the left 
auricle. Histological examination of the 
aortic wall revealed changes of the type 
that are usually seen in aortic medione- 
crosis. It is presumed that in accordance 
with similar cases of aortic medionecrosis 
the 
are directly connected. The etiology is 


thrombosis and the medionecrosis 


discussed. This case, like a few previously 
published cases of aortic medionecrosis in 
the neonatal period, indicates that the 
disease is of a congenital origin. 
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J. Vesterdal: The Effect of Durabolin (19 
nor-androsterolone) in a Case of Hypophy- 
seal Dwarfing 


The patient was a boy aged 10 years who 
had suffered from eosinophile granuloma 
from the age of two years. The disease grad- 
ually subsided but the following sequelae 
persisted: deaf-mutism, diabetes insipidus, 
adiposity and dwarfism presumably of hypo- 
physeal origin. The boy was treated for 12 
months with Durabolin (12.5 mg intramuscu- 
larly per week) during which time the rate of 
growth increased 9 cm compared with 4 em 
the preceding year and 2 cm in the sub- 
eight months. Marked increase in 
but only 
were observed as side-effects. 


sequent 

virilization 
No definite 
acceleration of the development of the cent- 


weight insignificant 


res of ossification was observed. 


Discussion. E. Thamdrup: May the in- 
crease in growth perhaps be an effect of 
testosterone? Dwarfism is treated, as a rule, 


with preparations of testosterone commen- 
cing at puberty. — Henning Andersen: A 
human growth hormone has been manuifac- 
tured and appears to be effective but is not 
yet on the market. Durabolin is scarcely 
more growth-promoting than testosterone, 
The employment of Durabolin in premature 
and cachectic children is not advised, because 
experiments on rabbits suggest that the prep- 
aration may have a sterilizing effect on 
females. — P. Plum: Physex (20 injections 
of 1500 units) produces increased growth and 
simultaneous commencement of puberty in 
some cases. 


B. Friis-Hansen: Anaemia, Malnutrition 
and Parasitic Infestations in African Child- 
ren 


(To be published elsewhere.) 


B. Friis-Hansen: Vitamin A Deficiency and 
Blindness in African Children 


(To be published elsewhere.) 


Meeting February 10, 1960 


Sv. Brandt: Demonstration of Generalized 
Muscular Hypoplasia and Bulbar Paresis 
in an Ejight-year-old Boy 


A boy aged eight years was demonstrated, 
who since birth, has suffered from general- 
ized muscular hypoplasia. The condition 
resembled muscular dystrophy clinically but 
there had been no evidence of progression. 
In addition, the boy showed signs of hypo- 
plasia and weakness corresponding to the 


muscles innervated by cranial nerves \'II, 
IX, X, XI and XII. Paralysis of the soft 
palate had been present since birth and ‘iad 
caused serious feeding difficulties so that the 
boy spent the first 2} years of his lif: in 
paediatric wards where he had to be tube fed 
for long periods. At present, there ar 
feeding difficulties but speech is still ai ec- 
ted by the paralysis of the soft palate 1nd 
incompetence of the labial muscles. " his 
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comeination of congenital hypoplasia of 
muscles with bulbar innervation (nuclear 
hypoplasia?) and generalized muscular hypo- 
plasia is very rare. On the other hand, both 
conditions occurring separately are well 
known although also rare. Myasthenia gravis 
was excluded by a prostigmine test when the 
child was six months old. Muscular dystro- 
phy appears to have been excluded by a 
biopsy from the vastus lateralis when the 
boy was 14 months old. Electromyography, 
when 15 months old, showed short potentials 
(deltoid, tibialis anterior) and a tendency to 
fall-out in potential. (Short duration of po- 
tential is observed in polymyositis and in 
non-hereditary conditions which resemble 
muscular dystrophies. Both of these condi- 
tions appear improbable in the present case 
on account of the course and the biopsy find- 


ings.) 


H. Dyggve: Congenital Ascites 

Six cases of congenital ascites accompanied 
by generalized oedema and hydramnios but 
without blood type incompatibility are re- 
ported. The sixth case, a male infant aged 
two months, is still in the Paediatric Depart- 
ment of the University Hospital. He prob- 
ably has chylous ascites. On the second, 
eight and thirtieth days of life, approximate- 
ly 400 ml ascitic fluid were withdrawn by 
abdominal paracentesis. This fluid became 
increasingly milky and contained 0.5 per 
cent fat. A cystic swelling could be felt at the 
site of the gall bladder. When the infant was 
five weeks old a cyst of the liver containing 
chocolate-coloured fluid was removed at 
exploratory laparotomy. Ascites has again 
accumulated. The treatment planned is re- 
peated abdominal paracentesis and a low-fat, 
protein-rich diet. If this proves ineffective, 
vero-peritoneal anastomosis (Routte’s opera- 
tion) may be considered. Thirteen cases of 
congenital chylous ascites which were cured 
by other operations have been described 
wh:le only two died. 


Jiscussion. J. Flamand Christensen: In 
th case from Odense, no thoracic duct was 
fo nd and many of the lymph vessels in the 
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intestine ended blindly. Other operations 
have also been attempted and among these, 
isolation of a small segment of the small in- 
testine which is opened and sewn to the peri- 


toneum has been effective. 


J. H. Probst: Vitamin D-Resistant Rickets 

A boy aged 14 years suffering from vita- 
min D-resistant rickets was followed for 12 
years. The findings deviate from those accept- 
ed as typical in the somewhat early commen- 
cement (at the end of the first year of life), 
only slightly lowered or sometimes low to 
normal serum phosphorus and very low se- 
rum caleium (as low as 5.4 mg/100 ml). The 
alkaline phosphatase values were elevated 
and were normalized by adequate therapy. 
The dosage of vitamin D necessary was be- 
tween 50,000 and 250,000 units daily. Hyper- 
calcaemia (12.9 and 14.2 mg/100 ml) occurred 
for two brief periods. The symptomatology 
of this complication is discussed: polyuria, 
polydipsia, reduced renal concentration, 
slight azotaemia and slight sporadic pyuria 
and uncharacteristic cerebral seizures with 
slightly abnormal EEG, all of which were 
completely reversible on normalization of the 
serum calcium by reduction of the dose of 
vitamin D.Normalization of the alkaline phos- 
phatase values together with healing of the 
bone lesions and increased growth in height 
are considered to be the best indications of 
the efficacy of the treatment. Hypercalcae- 
mia is an indication of overdosage and raised 
alkaline phosphatase values for underdosage. 
The occurrence of hypercalciuria prior to 
hypercaleaemia makes Sulkowitz’s test a 
valuable control measure. The diminishing 
requirement of vitamin D with increasing 
age makes increased control necessary at 
puberty when overdosage may easily occur. 
Corrective osteotomy should only be under- 
taken late and preferably when the patient is 
fully grown; it is useless before normalization 
of the bone lesion. There is a risk of hyper- 
caleaemia following the osteotomy and, for 
this reason, vitamin D should be temporarily 
withdrawn during this period. Hypophos- 
phataemia is regarded as a more sensitive 
indicator of the presence of the abnormal 
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mode of inheritance of the hereditary cases 


gene than a manifest skeletal lesion. 
(approximately half of the cases recorded in 
the literature) is considered to be a sex-linked 
dominant. Female carriers only rarely show 
bone manifestations and, if so, the changes 
are minimal. The sporadic form, to which the 
present case belongs, cannot be differenti- 
ated metabolically from the hereditary form 
but, in this form, females may also have se- 
vere skeletal involvement. Current opinions 
concerning the pathogenesis are discussed. 


Discussion. Sv. Brandt: In orthopedic 
departments, surgical intervention is_ fre- 
quently undertaken on severely deformed bo- 
nes. To what extent can growth correct the 
deformities so that surgical intervention may 
be avoided? J. Flamand Christensen had 
followed a similar case in a boy who had a 
serum calcium of 6.8 mg/100 ml at the age of 
two years and who had been hospitalized a 
year previously elsewhere on account of sei- 
zures. The serum phosphorus was not less 
than 4 mg/100 ml and the phosphatase 40 
King—-Armstrong units. Slight acidosis was 
present. Increased excretion of cystine and 
lysine in the urine were found on repeated 
amino acid investigations. The child impro- 
ved on treatment with 60,000 units of vita- 
min D daily with supplementary caleium and 
phosphorus. An uncle possibly also had the 
disease. b. Friis-Hansen: Bone deform- 
ities may be due to many other diseases 
and, therefore, medical treatment should be 
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attempted first before surgical interve ition 
is resorted to. — Henning Andersen: It js 
surprising how much bone deformity may 
improve between the ages of 12 and 15 -ears 
and therefore osteotomy should not be u ider. 
taken prior to puberty except under sj:ccial 
~ J. H. Probst: It is uncer- 
tain whether the sporadic and the fanuilial 


circumstances. 


cases are the same disease. Osteotomy should 
be undertaken only during periods of bio- 
chemical homeostasis and may then be of 
good effect. Otherwise, patience musi be 
exercised. 


Bjorn Andersen & Folke Tudvad: Attempts 
to Determine the Enzymatic Activity of 
the Intestinal Canal under Physiological 
Conditions 

In the Children’s Hospital, Fuglebakken, 
Copenhagen, attempts were made to measure 
the enzymatic activity in the intestinal canal 
particularly in children with dyspepsia. 
Short plastic tubes of suitable diameter con- 
taining either protein or fat were admini- 
stered orally to a total of 22 patients. The 
tubes were recovered from the faeces and the 
amount of the substrate digested measured. 
Eleven children without or with only insig- 
nificant transient dyspeptic symptoms digest- 
ed, on an average, 2.4 mg protein and 2.0 
mg fat, while 11 children with dyspepsia of 
longer duration showed much greater diges- 
tion both of the protein and praticularly of 
the fat. This returned to normal as the «ys- 
pepsia improved. 


Meeting March 9, 1960 


M. Osler: The Body Composition of New- 
born Infants of Diabetic Mothers 


The body composition of new-born infants 
of diabetic mothers was determined on the 
basis of investigation of the fluid content, 
the fat content, fluid distribution in intra- 
and extracellular spaces and neonatal devia- 
tions in the fluid content, the conditions of 
excretion in the urine and the maturity as 
determined by the development of the cen- 


ossification. The conclusions drawn 


tres of 


from the investigations were that infants 
born to diabetic mothers must be deseri'ed 
as infants whose maturity, as expressed by 
the development of the centres of ossificati n, 
water and nitrogen excretion in the urine : nd 
the 
sponds to their chronological age or perh ps 


functions of the other organs, co’ re- 


slightly less, i.e. they are premature. In ac li- 
tion, they are markedly overweight beca ise 
of excessive fat and, to a lesser degree, car 10- 
hydrate depots in the tissues and orga 1s. 
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The ncomplete development of the function 
of the organs, fluid release on the breakdown 
of the carbohydrate depots following birth 
and adiposity which impedes respiration are 
considered to be of possible significance for 
the frequent occurrence of the neonatal pul- 
monary syndrome in infants born to diabetic 
mothers. Insulin, particularly in combination 
with copious administration of carbohydrate, 
increases the fat and carbohydrate depots 
without influencing the maturity, whereas 
growth hormone reduces the fat content. It 
must therefore be presumed that the macro- 
somia of diabetic children is due to increased 
supply of glucose form the mother with sub- 
sequent increased insulin production in the 


foetal pancreas. 


Discussion. B. Friis-Hansen: We prob- 
ably harm these infants by putting them in 
incubators with relatively high humidity 
which impedes their fluid expenditure. 

H. Dyggve: It has been stated in the litera- 
ture that the incidence of the hyaline mem- 
brane syndrome is reduced when glucose is 
administered. If infants develop respiratory 
difficulties, they must have oxygen but at- 
tention must be paid to the degree of humid- 
ity and the body temperature should not be 
reduced too much. The target should be 
35-36°C, M. Osler: The time of delivery 
should be adjusted, bearing in mind the facts 
that full-term births result in more deaths 77 
utero while too premature births result in 
more cases of the respiratory distress syn- 
drome. The great nitrogen excretion is due 
to breakdown of protein. Seizures were de- 
scribed in approximately half of the infants 
and these were probably due to low serum 
calcium. By and large, the excretion of elec- 
trolytes was great. Excretion of calcium may 
perhaps increase the excretion of potassium. 

lorgen Pedersen: We have demonstrated 
tha’ these infants do not have hypoglycemia 
anc no definite effect could be demonstrated 
fro. administration of glucose. Care should 
pro ably be exercised in the administration 
of luids. One third of the diabetic mothers 
we e delivered by Caesarean section with a 
lov infantile mortality. 


J. H. Probst: Two Cases of Water Intoxi- 
cation 

CasE 1. The patient was a boy aged four 
months with congenital megacolon. The in- 


admitted in a state of marked 


fant was 
dehydration (serum Na 164 mEq/l), un- 
conscious and with a distended abdomen 


following gastroenteritis. Despite careful re- 
hydration and repeated lavage of the intes- 
tine in the course of the night with transient 
improvement, the infant developed an attack 
of generalized prolonged tonic seizures 18 
hours after admission. The child was coma- 
tose with bilateral Babinski reactions; stimu- 
lation by touch triggered the seizures. The 
cerebrospinal fluid, serum calcium and bicar- 
bonate were normal. It was then discovered 
that the intestinal lavage had been under- 
taken with tap water and that the return 
was negligible. The serum Na was 131 mEq/1 
total 270 
One hour after administration of 
hypertonic mannitol, complete clinical re- 


and the osmotic concentration 


mOsm /I. 


mission occurred despite falling sodium val- 
ues but increasing osmotic pressure. The in- 
fant smiled, could fixate and suck and the 
plantar reflex was normal. The improvement 
continued and, following a massive diuresis, 
the serum values returned to normal. EEGs 
recorded one and seven months later were 
normal. 

CasE 2. The patient was a boy aged tour 
years with a fractured pelvis and _ slight 
cerebral injuries following a traffic accident. 
During the first day there was pronounced 
oliguria with a specific gravity of 1.022 and 
catheterization was necessary. Gastric suc- 
tion was instituted on account of vomiting 
and abdominal distension. Intravenous ther- 
apy was instituted on the fourth day. Five 
per cent glucose solution was administered in 
quantities of 1200 ( + 750 orally) and 1950 ml 
on the fourth and fifth days. Generalized 
tonic-clonic seizures occurred suddenly in 
the middle of the fifth day. The Babinski 
reaction was present and the child lost con- 
sciousness. Thereafter, 
followed. Examination of the eye grounds 
The CSF 


numerous seizures 


normal. was also normal. 
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Serum chloride was 75 mEq/l. An unsuccess- 
ful attempt was made to control the seizures 
intravenous administration 
of pen- 
tothal. Respiratory difficulties necessitated 
tracheotomy on the fifth day. Shortly before 


with massive 


chlorpromazine, nembutal and 


transfer to the University Hospital the intra- 
venous fluid therapy was changed to glucose- 
saline. This was continued as saline and the 
barbiturates were withdrawn. There were no 
further seizures and the diuresis in the sub- 
sequent 24 hours was 1750 ml and the boy’s 
condition inproved. During the subsequent 
three days, he showed a total negative fluid 
balance of over 2000 ml corresponding to 18 
per cent of the body weight. The serum values 
returned to normal. 

In addition to the diagnostic difficulties in 
a case of seizures in a child with the possi- 
bility of cerebral injury, the explanation here 
is probably that such an overdosage of water 
(5% glucose) occurred because the fluid 
balance was recorded on a chart for adults. 
This chart had a printed value for fluid loss 
by perspiration of 1500 ml while the caleu- 
lated value for the boy was 560 ml and thus an 
excessive dosage of one litre was adminis- 
tered. The antidiuresis was primarily post- 
traumatic and later probably maintained by 
the massive doses of barbiturates which pre- 
vented possible homeostatic self-regulation. 
Replacement of the loss of electrolyte-con- 
taining fluids by 5 % glucose solution further 
accentuated the hypotonicity. 

Crawford, Dodge & Probst demonstrated 
by experimental studies on rabbits with bal- 
ance experiments, EEG and brain analyses 
that 
cation is hypotonicity of the body fluids 


the essential element in water intoxi- 


with subsequent intracellular oedema. The 
symptoms of water intoxication are neuro- 
logical, as the brain cells are particularly 
to oedema and perhaps mostly 
because they 
nium. Damaged cells are particularly vulner- 


sensitive 
are enclosed in the rigid cra- 


able. Frequently seizures occur with a too 
rapid return to normal values. The clinical 
symptoms of water intoxication include 
increasing clouding of consciousness, ady- 


namia and apathy and the patients are fre- 
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quently pale, cold and sweating 
shock’’), but the blood pressure and pul: » are 
normal until terminally. Great quantiti.s of 
dilute urine are voided. Spasms and tr: mor 
occur and the Babinski reaction is pre-ent. 
Later, generalized tonic-clonic seizures oc- 
cur. Barbiturates have a transient etfect. 
The coma becomes deeper and ends fatally 
in the untreated cases. The criteria for hypo- 
tonicity are the low serum electrolyte values 
or, even better, reduced serum osmotic con- 
centration. The EEG shows greatly reduced 
amplitude, practically absent normal rhythm 


and dominance of abnormal slow frequencies. 
Treatment consists of administration of a 
hypertonic solution: 3% sodium chloride, 
15 % mannitol or 6 % urea with 5 % glucose, 
with the object of increasing the tonicity by 
approximately 20 mOsm/I in the total body 
fluids. By choosing the above-mentioned flu- 
ids, all of which remain extracellularly, the 
correct fluid distribution is ensured with re- 
sulting dehydration of the cells. In the rabbit 
experiments and in Case No. 1, it was dem- 
onstrated that improvement occurred dur- 
ing mannitol therapy, although the sodium 


and chloride values in the serum continued 


to fall, thus proving that the tonicity is the 
decisive factor. In milder cases, particularly 
when no serious cerebral symptoms demand 
immediate therapy, the patient may be made 
to dehydrate himself by reduction of the 
amount of fluid administered. 


Discussion. B. Friis-Hansen: During the 
£ 


days immediately after cardiac operations, 


patients have a tendency to tremor. In ‘wo 
cases my colleagues and I found hypona- 
triaemia which we interpreted as water intoxi- 
cation. Fifty per cent glucose solution »d- 


ministered intravenously produces an almost? 


immediate effect on oedema of the brain 

P. W. Braestrup: Water intoxication is pr »b- 
ably much more common than is assum °d. 
I have also seen a case in a child who !} ad 
just undergone a cardiac operation and \ ho 
had EEG changes and seizures. — Henn ng 
Andersen: Lavage of a megacolon with | :0- 
tonic saline is not entirely satisfactory eit] °r. 
We now employ 7% gelatin solution. 
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H. J. Probst: The mechanism of the develop- 
ment of the symptoms in cardiac patients is 


unknown; it may be due to sodium loss. The 


clinical picture corresponds to that encoun- 
tered in water intoxication and many of the 
cases described as shock may have been cases 
of water intoxication. The symptoms may 
develop in the course of 20 minutes. Gela- 
tine solution is excellent but cannot be em- 
ployed in the presence of barium. Saline 
lavage may be undertaken once or twice 
without untoward results. 


Poul Anthonisen, O. Steinicke & Aage Thom- 
sen: A Case of Thrombocytopenic Purpura 
Complicating Infectious Mononucleosis 


After a few days with symptoms sugges- 
tive of acute leucosis with swelling of lymph 
glands, enlargement of the spleen, epistaxis 
and haemorrhage from the mouth, a boy aged 
seven years developed pronounced purpura 
of the skin and macroscopic haematuria.The 
increased haemorrhagic tendency was caused 
by a low thrombocyte count in the blood 
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(minimum 3000/mm). The haemorrhages 
were so massive that signs of impending 
circulatory shock developed. This was correc- 
ted with blood transfusions. One week after 
the onset of the illness, the boy developed 
violent tonsillitis with membrane formation. 
Blood smears at this time and retrospective 
examination of previous preparations re- 
vealed the characteristic picture of mononu- 
cleosis. Evidence of liver involvement (raised 
thymol reaction, serum transaminase and 
high gamma globulin values) was also pre- 
sent. The Paul-Bunnell reaction was nega- 
tive or doubtfully positive, but this is not 
evidence against the diagnosis. After the 
elapse of three weeks, the boy felt quite well 
again. 

Review of the literature revealed only 26 
corresponding cases. The cause of throm- 
bocytopenia in mononucleosis is unknown. 
The case described was treated with predni- 
sone, although, according to the literature, 
there is no evidence that steroid treatment 
has any effect. The prognosis is good. 


Meeting April 20, 1960 


F’. Tudvad paid tribute to the memory 
of the late Dr Axel Friedlander. 


H. Kreutzfeldt: Continued Experience with 
Triple Vaccine 


The results of experiments with prophy- 
lactic vaccination with triple vaccine (diph- 
theria-tetanus—pertussis vaccine) under- 
taken on 655 children in a series of institutions 
are presented. The protection against whoop- 


ing cough was satisfactory and complica- 
tions connected with the vaccination do not 
appear to have been greater in extent than 
tho:e which may occur following vaccination 
wit!) diphtheria—tetanus vaccine. It is there- 
fore reeommended that generalized prophy- 


ic vaccination with triple vaccine be in- 
tro uced from the age of 4-5 months. In 
tion, the indications and possibilities for 
th introduction of vaccination with per- 
is vaccine alone are discussed. 


Sv. Tulinius: Experience with Pure Per- 
tussis Vaccine 

Three doctors, in co-operation with the 
National Serum Institute administered per- 
tussis vaccine prophylactically to the infants 
in four infant nurseries and three child-wel- 
fare centres. In the child-welfare centres 
triple vaccine was occasionally employed 
after the age of five months. In the nurseries 
triple vaccine was only employed in a few 
cases. 

Of 431 children in the four nurseries vacci- 
nated against pertussis, 65 were exposed to 
infection prior to the age of five months and 
only one of them contracted the disease. 
The material from the child-welfare centres 
does not permit evaluation of the effect of 
vaccination as the exposure is unknown and 
it is not known with certainty how many de- 
veloped whooping cough. 

In connection with the vaccination redness 
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and induration occurred at the site of vacci- 
nation and attained a maximum in the course 
of 6-7 hours and many of the infants were 
restless and fretful for a couple of hours about 
this time. No high temperatures were re- 
corded. In isolated cases, the mothers stated 
that the children were irritable for a couple 
of days. No abscesses at the injection site 
nor generalized hypersensitive reactions oc- 
curred. 

It is concluded that pure pertussis vaccine 
may be employed with advantage from the 
age of five weeks, that the side-effects are 
minimal and the effect is apparently good. 


Discussion. H. Kreutzfeldt: Prophylactic 
vaccination with triple vaccine may probably 
be carried out within the existing legal pro- 
gramme with the amendment that an extra 
must 


vaccination be given. On the other 


hand, free vaccination with pure pertussis 
vaccine would require a special paragraph 
in the law. The National Serum Institute and 
the Ministry of Health might consider that an 
attempt be made to carry out free vaccina- 
tion with triple vaccine but to run parallel 
studies with pure pertussis vaccine in three 
groups of children: (1) those exposed to in- 
(2) 
institutionalized children under the age of 


fection to determine therapeutic effects; 


four years; (3) other children under the age 
of four months at the parents’ request. It 
would be desirable if the National Health 
pay for 
group (1), the Ministry for Social Affairs for 


Insurance could for vaccination 
vaccination for group (2), while those who 
seek vaccination in group (3) must defray 
the cost themselves. — Sv. Tulinius: Triple 
vaccination cannot be commenced prior to 
the age of five months as the effect of diph- 
theria—tetanus vaccination is not otherwise 
achieved. I am therefore in favour of the 
programme outlined by Dr Kreutzfeldt but 
would not recommend booster injections, as 
it is desirable that as many children as possi- 
ble have a mild attack of whooping cough in 


childhood. Booster injections may delay 
whooping cough until adult life. — P. W. 


Brestrup: It would be desirable to carry 
out early pertussis vaccination in all children 
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but the practical difficulties, includin » the 
establishment of new laws, are probab! ~ too 
great. In addition, there is a risk that pi ople, 


as a whole, become tired of vaccinatio:. and 


that it becomes difficult to record ai: the 
various vaccinations. — J. Flamand Chris. 


tensen: What would happen if a single per. 
the 
prophylatic health examination at the axe of 


tussis vaccination was administered a 


five weeks followed by triple vaccine ai the 
age of five and six months? Can polio \ acci- 
nation administered simultaneously with 
triple vaccination be expected to produce the 
same good antibody formation as previously? 

P. Plum: Will whooping cough not dis- 
appear as vaccination is gradually carried 
out so that there is no longer such a danger 
C. Friderichsei: Is 


it possible that new-born infants who. for 


for new-born infants? — 


example, are exposed to whooping cough in 
their homes can be protected with four or 
five injections at short intervals? Can _per- 
tussis vaccination be continued in a child 
who has had convulsions in connection with 
vaccination? — Sv. Tulinius: It is scarcely 
correct to give pertussis vaccination alone at 
the age of five weeks and continue with triple 
vaccine at the age of five and six months. A 
good increase in the antibody titre for per- 
tussis would probably occur but there is a 
risk that the increase in the diphtheria and 
tetanus antibodies is poorer. Polio vaccina- 
tion may well be administered simultane- 
ously with triple vaccination. It is scarcely 
probable that whooping cough will disap- 
pear even when vaccination has been car- 
of the 
disease will probably still oceur which «re, 


ried out. A number of mild cases 


however, just as infectious. Protection may 
be anticipated by pertussis vaccination of 


new-born infants, which, however, rapilly 
disappears. Kk. Wilken-Jensen: 


ence in vaccination of asthmatic patie ts 
does not suggest that more antigens red ice 
the antibody formation for one or more of 
the antigens. — I. Scheibel: Triple vacc ne 
should not be administered prior to the ‘ge 
of four to five months as too many infe its 
have too many antibodies in the blood «a 
result of diphtheria vaccination in the 1 0- 
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ther. These are not excreted until after 
approximately 20 weeks of age and thus the 
full cffeet of vaccination in the infant cannot 
be expected until after this time. — F. 
Bruhn-Petersen: Has any attempt been made 
to protect infants from whooping cough by 
vaccinating the mothers during pregnancy? 
- Sv. Tulinius: As far as I know, this has 
never been attempted and, personally, I 
would not recommend it on account of the 
risk of marked reactions in the pregnant 
woman and possible injury to the foetus. 
Ane Madsen: At the child-welfare centres 
only a few mothers did not desire pertussis 
vaccination. Torben Iversen: Does the 
National Institute still reeommend 
therapeutic vaccination (several injections at 


Serum 


short intervals) to children exposed to whoop- 
- Sv. Tulinius: The National 


Serum Institute no longer recommends this 


ing cough? 


form of vaccination. It must also be pointed 
that the Institute present 
supply triple vaccine for purposes other than 


out cannot at 
the experimental work at present in progress. 
At least eight months’ preparation will be 
required before the vaccine is generally avail- 
F. Tudvad: 
unanimity as regards the desirability of alter- 
ing the hitherto employed diphtheria—teta- 
nus vaccine to diphtheria—tetanus—pertussis 
vaccine, the Danish Paediatric Society will 
appeal to the Ministry of Health in this re- 
spect and recommend that permission be 


able. As there seems to be 


given for administration of four vaccinations 


free of charge. 


Bjorn Andersen & Kjeld Nielsen: Serum 
Proteins in Premature Infants 

In the Children’s Hospital, Fuglebakken, 
the variations in both the total serum pro- 


teins and the various fractions, were investi- 
gato in 39 premature infants who did not 
present any clinical symptoms apart from 
pre naturity. The birth weights ranged from 
120°) to 2500 g. Both longitudinal and group 
inv stigations were undertaken and the re- 
sul s were in agreement. Normal curves for 
th: absolute values of total protein, albumin 


an gamma globulin were established in 
gr ip investigations of premature infants 
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fed exclusively on breast milk. The total 
protein and albumin values fall from the 
first day of life until the age of five to six 
weeks and thereafter rise again until the age 
of ten weeks. The gamma globulin values fall 
steadily during the first ten weeks. 

In group investigations in premature in- 
fants who had received the same quantities 
of breast milk plus supplementary protein in 
the form of 14% casein-hydrolysate (Idon), 
increased values for albumin and total pro- 
tein were observed during the first ten weeks, 
although this group experienced the same 
fall as premature infants fed on breast milk 
alone. On the other hand, reduced gamma 
globulin values were found throughout the 
same period. It thus appears that supplemen- 
tary protein added to breast milk with the 
object of accelerating growth produces in- 
creased total protein and albumin in the 
serum but decreased gamma globulin values. 


Kjeld Nielsen: Two Cases of Tumours of 
the Lung in Children 

Two cases of tumours of the lung admitted 
to the Children’s Hospital, Fuglebakken, 
within a year are presented. 

The first case was a girl aged 104 years 
who had suffered from pyrexia and slight 
cough for more than three weeks prior to 
admission in February 1959. X-ray of the 
lungs showed. infiltration superiorly in the 
right lung with enlargement of the hilar 
glands. This remained stationary for three 
months. Tomography, which raised the sus- 
picion of pulmonary cysts, revealed that the 
infiltrations were situated posteriorly in the 
right lung. There was a positive tuberculin 
reaction following previous Calmette vacci- 
nation. Culture from the stomach washings 
proved negative for tuberculosis. The blood 
sedimentation rate was initially elevated but 
later returned to normal. The cold agglu- 
tinin and ornithosis serum reactions were 
negative as were the skin tests for fungus di- 
sease. Because the diagnosis was uncertain, 
the girl was treated with antituberculous 
chemotherapy for a month after transfer to 
the Department of Thoracic Surgery in Ore- 
sundshospitalet. At subsequent operation, an 
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elongated hard tumour the size of a Brazil 
nut was found extending towards the right 
hilus. revealed 


Microscopic investigation 


mesodermal cellular undifferentiated tu- 
mor tissue, probably a neurofibrosarcoma. 
The second case was a girl aged four years 
who had suffered from uncharacteristic lassi- 
tude with slight morning cough for two 
months prior to admission. A half-sister aged 
eight years was found to be Moro positive at 
routine examination. On examination of the 
family at the Central Dispensary for Tuber- 
culosis, a solid infiltration was found in our 
patient in the left lung. She was Moro nega- 


tive and remained so during the eight-week 


Meeting May 22, 


A. Sell: Embryological Investigations of 
the Human Alimentary Canal 


A revised conception of the development 
of the alimentary canal based upon investi- 
gations of approximately 500 human foe- 
tuses is given. Development takes place in an 
oral—anal direction. The duodenum develops 
partly from the most proximal part of the 
foregut and partly from the most proximal 
part of the midgut. The part of the duode- 
num which originates from the foregut, de- 
velops very early and leaves the midgut be- 
tween the postarterial midgut segment and 
the hindgut, so that the small intestine mi- 
grates from the right to the left side of the 
abdomen. Simultaneously, the intra-umbili- 
-al coils of intestine are “‘lifted”’ into the abdo- 
men. In contrast to previous conceptions, it 
was demonstrated that the last part of the 
small intestine to come into the abdomen 
from the umbilical hernia is the portion 
immediately proximal to the terminal coils of 
ileum (corresponding to the transition be- 
tween the pre- and postarterial sections of the 
midgut) rather than the caecum along with 
the terminal coils of ileum. After migrating 
into the abdomen, the caecum lies at the level 
of the umbilicus and is thereafter displaced 
over to the right side of the abdomen but 
still remains on a level with the umbilicus on 
the anterior surface of the inferior pole of the 
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period of hospitalization. No tubercle bicilli 
were found on culture. The cold aggluinin 
and ornithosis reactions were negative. At 
operation in the Department of Thoiacic 
Surgery, Oresundshospitalet, a cyst the size 
of a walnut was found in the paravertebral 
suleus with a thin neurovascular pedicle 
attached to the medial part of the fourth 
intercostal space but unconnected with the 
sympathetic trunk or the spinal cord. Micro- 
scopic examination showed fibrillary connec- 
tive tissue in the wall of the cyst with normal 
glands and several layers of cylindrical epi- 
thelium on the inner surface. The cyst was 
probably bronchogenic. 
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right kidney. At this site, the rotation (a to- 
tal of 270°) of the caeco-ascending colon is 
completed at the same time as it descends 
into the right iliac fossa. The colon continues 
to grow in length, the flexures form and, fi- 
nally, the mesenteric attachments are estab- 
lished. 

Isolated pathological findings encountered 
in the foetuses examined are mentioned. Sev- 
eral cases of dystopia coeci proximo-later- 
alis at various stages of development were 
found. This developmental anomaly is prob- 
ably due to the fact that the caecum and the 
terminal coils of intestine are the last to come 
in from the physiological small intestinal her- 
nia and are prevented from rotating «nd 
(therefore?) are abnormally situated. ‘The 
earlier theory of cessation of developmeni at 
a stage where the caecum lies up under the 
liver can no longer be accepted, as the «1e- 
cum is never found so high at any stage in “he 
normal development. Finally, the conditi :ns 
in malrotation are mentioned. From embr 0- 
logical investigations compared with ra: io- 
logical findings, it is considered possibl« to 
postulate the hypothesis that malrota‘ on 
(non-rotation) of the intestine may be du: to 
incomplete development of the oral—duc le- 
nal segment, so that the normal devei \p- 
ment, outlined above, does not occur. In 
cases of malrotation, it has been found t :at 
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the bile duct opens abnormally close to the 
pylorus immediately distal to the bulbus duo- 
deni. Finally, cases of cascade stomach, 
coeco ascendens breve, omphalocele and co- 
lon elongatum are mentioned. 


E. Vad: Preliminary Experience with Air 
Jonization 

Some examples of conditions caused by 
atmospheric electricity such as Féhn and 
mountain sickness are mentioned. The num- 
ber of ions in the air amounts to approxi- 
mately 700-800 per cc. The number depends 
upon the relationship between the rate of 
destruction and the rate of formation. The 
ions are formed by radioactive, cosmic and 
ultraviolet radiation. Certain observations 
suggest that there is a biologically optimal 
concentration and an optimal proportion 
between positive and negative ions. Passive 
increase of the ion level may be achieved by 
being certain that the ions formed naturally 
are given as good conditions of existence as 
possible. Active increase is achieved by vari- 
ous forms of ion generators. A follow-up in- 
vestigation of 118 patients with asthmatic 
respiratory difficulties treated with ion ther- 
apy (Floraion) revealed that 62 per cent had 
improved but only 41 per cent to such an 
extent that it was of practical therapeutic 
significance. Forty-five of the patients were 
under the age of 15 years. In this age group, 
improvement occurred in 69 per cent and 
considerable improvement in a total of 52 
per cent. Finally, some experiments with 
patients placed on highly insulated beds are 
mentioned. It is possible to demonstrate in- 
take of electricity from the air corresponding 
to a current strength of 10-8 to 10-® A, when 
a potential of 4000-5000 V is applied to the 
patient. The strength of the current increa- 
an ion producer is placed in the vicinity 
of the patient. The increase depends upon 
the  trength of the ion producer and whether 
the >atient faces the ion producer or not. 


ses 


iscussion. Sv. Heinild: Many patients 
re} rt a sense of well-being following radia- 
tio’ with ultraviolet light. Is this due to in- 
se of ionization? — P. Bechgaard: Dr 
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Vad has not drawn any conclusions from the 
investigations but, after having followed 
Bach’s work with the Floraion apparatus, 
we must state that we know too little 
about the significance of the electric condi- 
tions for man. We will now attempt to under- 
take measurements in this respect. It has 
been demonstrated that some patients are 
able to become charged with electricity to an 
unknown extent and they feel uncomfortable. 
Such individuals should avoid nylon clothes 
etc. We have been able to cause dyspnoea by 
alteration of the ionization of the air but our 
knowledge of the whole subject is in its in- 
fancy. — E. Vad: The effect of mercury- 
quartz light may, by and large, be attributed 
to ionic action. [on therapy is most effective 
when the patient is grounded. — Engineer 
Bach: Many individuals may become charg- 
ed with static electricity so that long sparks 
form. In a room without green plants, with 
dry air, plastic paint on the walls, floor and 
furniture, an individual may become charged 
with 50,000 to 100,000 volts by walking 
across the carpet in leather shoes. I have in- 
vestigated the humidity of such a room and 
demonstrated that 150 kg of water were ne- 
cessary to establish the normal humidity. 
Many people do not feel comfortable in such 
rooms. Antistatic treatment of the furniture, 
floor and walls may improve conditions, as 
this treatment permits normal discharging to 
take place. 


G. Gregersen: A Fifteen-year Material of 
Meningitis and Follow-up Examination from 
a Central Hospital 

The material consists of 736 patients ad- 
mitted to the Central Hospital in Randers 
during the period 1945-1959. Forty-two per 
cent of all of the cases were purulent. The 
majority of the patients were children under 
the age of 16 years. Follow-up investigation 
was undertaken by sending questionnaires to 
the 447 patients who survived during the last 
ten years. Replies were received from 89.7 
per cent. Permanent sequelae were found in 
24 per cent of the cases of meningococcal 
meningitis, 77 per cent of H.influenzae and 
54 per cent of pneumococcal meningitis. If 
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paralyses due to poliomyelitis were excluded, 
sequelae were found in 29 per cent of the 
cases of serous meningitis. Serious sequelae 
were concerned in only a small percentage. 
The most frequent findings were. 


Purulent Serous 

Headache 12 8.4 
Vertigo 4.5 
Impaired hearing 9 1.2 
Reduced mental capacity 

or delayed development 10.5 3 
Irritability and 

neurasthenic complaints 12 10 


No definite difference in the incidence of 
the sequelae was found in the various age 
groups. On the other hand, the incidence of 
sequelae was increased when the sugar in the 
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CSF was less than 20 mg % or when py xia 
had been present for more than six days prior 
to admission. 


Discussion. H. Dyggve: Meningitis fre. 
quently begins insidiously in new-bor: in- 
fants and there are relatively many sequelae. 
Of 20 cases of meningitis in new-born iniants 
diagnosed at the University Hospital in the 
past ten years, eight died and four developed 
hydrocephalus. Seven of the patients were 
premature. The meningitis was due to P. coli 
in eight cases and of these four patients sur- 
vived but three had hydrocephalus. I would 
recommend that treatment with streptomy- 
cin, sulpha preparations and tetracyclines be 
commenced as soon as the diagnosis of men- 
ingitis is established in a new-born infant 
rather than wait for a bacteriological report. 


Folke Tudvad, Copenhagen 
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BOOK REVIEWS 


E. Denhoff and Isabel Robinault: Cerebral 
Palsy and Related Disorders. A develop- 
mental Approach to Dysfunction. 


McGraw-Hill Company London, 1960. Four- 
hundred and twenty-one pages. Price 93 s. 


The book contains a comprehensive and 
thorough review of the rapidly accumulating 
literature on cerebral palsy, as well as of 
the authors’ own vast experience on the 
subject. It is stressed that the condition is 
but one neuromotor aspect of a brain-injured 
child and cannot be isolated from other 
cerebral dysfunctions such as mental de- 
ficieney, epilepsy, the hyperkinetic-behavior 
disorder, and the sensory disabilities. The 
developmental approach to these disorders 
implies that the manifestations may change 
as the child develops and these may have 
prognostic consequences. For example, the 
hyperkinetic behavior syndrome tends to 
disappear with maturation. Although the 
patient’s neuromotor handicap frequently 
persists the dynamic approach which is 
described by the authors forms the basis for 
the evaluation and treatment of these 
children, as practiced in the Meeting Street 
School in Providence. The associated sensory 
and perceptual-motor disturbances are dealt 
with in great detail and this chapter is 
especially instructive for those regarding 
cerebral palsy more or less as a simple 
orthopedic problem. However, no matter 
how well these cerebral-palsied children are 
taken care of, the challenge of today is the 
poo social prognosis even for those with 
nor ial intelligence and only a moderate 
handicap. Emotional and _ psycho- 
log al factors apparently play an important 
rol. in this respect with ensuing difficulties 
for he young adult in finding a place and an 
occ ipation in the community or at least a 
m« ningful existence. Educational and voca- 


mo or 


tional guidance are apparently not sufficient 
as reflected in the low rate of employment. 
The monograph can be wholeheartedly re- 
commended as a most useful source of in- 
formation for all categories working in the 
cerebral palsy team. 

Bo Hellstrém, Stockholm 


Ed. by A. Hottinger and H. Berger: Modern 
Problems in Pediatrics, Vol. VI. Renal Func- 
tion and Kidney Disorders in Childhood. 


S. Karger A.G., Basel, 1960. 560 pages. 


Price 8.Fr. 98:—. 


The new volume in this series consists of 
27 papers dealing with current problems in 
renal physiology and pathology, with special 
emphasis on the pediatric age group. Most 
of the authors are well known authorities in 
the field. The of the articles is 
either to review the most recent investiga- 
tions or to focus attention on a limited aspect 
of a particular topic. No original communica- 
tions are presented. It is not feasible to 
review all papers in this book. If only some 
are mentioned it is because they have been 
of special interest to the reviewer. McCrory, 
discussing glomerulonephritis in childhood, 
closes his paper with a very concise—and 
from the clinical point of view, valuable— 
delineation of the obscure disease chronic 
nephritis. The overwhelming literature on 
the nephrotic syndrome is now almost im- 
possible to follow. However, Kretchmer, 
Barnett & Shibuya present the essentials of 
recent investigation in this field and stress 
the modern concept that the nephrotic syn- 
drome is not a disease but a group of symp- 
toms, which may appear in a variety of 
Linneweh writes briefly and 
elucidatingly about acute pyelonephritis, 
especially the oligosymptomatic variety of 


purpose 


situations. 
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this disease. Royer gives a most authoritative 
description of trombotic micro-angiopathy or 
Moschcowitz’s syndrome, a disease which is 
being recognized with increasing frequency. 
Examples of other diseases given attention 
from diagnostic, functional and therapeutic 
points of view are: obstructive uropathy, 
nephrolithiasis, renal vein thrombosis and 
acute renal insufficiency. Different aspects of 
water metabolism and of renal function of 
the newborn are explicitly treated in four 
papers. In one of these Wirz gives a short 


description of his and his collaborators 
fundamentally new concept of the mechan- 
ism of renal water conservation. Other 


aspects of renal tubular function such as 
hydrogen ion metabolism, mineral conserva- 
tion, and mellituria are discussed in several 
papers. 

The standard of the papers is somewhat 
uneven—a more concise presentation of the 
content of some articles would have been 
desirable—but on the whole this book 
provides informative reading, not only for 
those who have not had the opportunity to 
follow the advances in renal pediatrics, but 
also for those with special interests in this 
this field. 

Jan Winberg, Gothenburg 


J. W. Miller, S. D. M. Court, W. S. Watson 
and E. G. Knox. Growing Up in Newcastle 
Upon Tyne. 


Published for the Nuffield Foundation by 
Oxford University Press, London. 1960. 
Price 25/-net. 


In 1941 Sir James Spence and his colla- 
borators at the Children’s Department of 
Kings College and the Health Department 
of Newcastle began an enterprise that is well 
known all over the world: ‘“The 1000 Family 
Survey”. The primary object was to obtain 
an accurate of the incidence and 
types of infectious illnesses in infancy. 
During the survey the study was enlarged 
to comprise the lives and health of children. 
The first volume with a report of the chil- 
drens’ first year of life was published in 1954 
and was reviewed in Acta Pediatrica 1955. 


record 
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After the death of Sir James his re ident 
Dr. Miller with co-workers has follow »d-up 
the survey and they have now pub. ished 
this second volume which concerns th« first 
five years of the childrens’ lives. The ni mber 
of children involved was 847. Only 7 fainilies 
had withdrawn from the survey. During the 
5-year period an additional 507 children have 
been born within the original 1000 faruilies, 
In comparison with the previous study a 
greater feeling and regard for the welfare of 
children and concern for their health was 
noted, but only too often one or more of the 
essentials required to establish a stable and 
happy home were lacking. The book is a real 
goldmine of information for the study of 
young children in health and sickness in a 
community and contains an almost over. 
whelming amount of data. Only a small part 
of this can be quoted. 

Infectious illness caused 80 % of the mor- 
bidity in the first 5 years and formed the 
bulk of the family doctor’s work with chil- 
dren. Respiratory infections accounted for 
more than half of the total infections. An 
outbreak of diphtheria in 14 children, of 
whom 2 died, was traced to a visit to Vienna 
by one of the families. Eight of the affected 
children had been adequately immunized. 
The authors describe what they call ‘‘sta- 
phylococeal families’? with an abnormal! sus- 
ceptibility to recurrent staphylococcal! in- 
fections. Their incidence is estimated as 
8-10 in 3000 patients. Sixty-one of the 847 
children were infected with tuberculosis 
(=7.2%), 11 during the first year of life. 
Five of the 23 children infected before the 
age of 2 years developed meningitis of whom 
4 died and the 5th became mentally retar- 
ded. We do not get any information a}out 
the percentage of BCG vaccinated chil 
Tuberculosis has declined very muc! in 


ren. 


Newcastle and the authors stress that not 
more than 2 % of school entrants were tv er- 
culin positive in 1957. The number of e:iso- 
des of non-infectious illnesses was 322. 
There were 732 accidents recorded in the 
first 5 years, almost one accident per « iild 
and these constituted 8.5 % of the tota_ ill- 


nesses. A little more than half of the ac- 
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ciderni:s occurred at home. There were 3 
deaths from accidents, all in the first year, 
and 4 children have persisting disabilities. 
Prevention of accidents on a community 
basis is discussed. The number of children with 
congenital defects has increased to 23 from 
18 discovered during the first year of life, 
corresponding to 2 % of all newborn children. 
Forty-nine children had had one or more fits 
before going to school. No less than 383 of 
the 847 children suffered from deprivation 
of parental care. In 21.6% of the families 
there were deficiences of care regarding 
diet, clothing and cleanliness and 20.2 % 
of the families had some form of social aid. 
There were 67 illegitimate children of which 
7 had died in the first year of life. Only 11 
children did not receive the attention of a 
doctor during these 5 years. The attendance 
in the Child Welfare Centres (at least once) 
decreased from 67 % during the first year to 
10% during the fifth and the figures for 
attendance at least 6 times a year fell from 
31 % to 2%. 

The book ends with 3 pages of conclusions 
and suggestions. The authors state how they 
think the care of children could be further 
improved and what type of help parents 
need. They especially stress the need of 
more well-constructed dwellings and they 
are concerned that so many mothers with 
young children are compelled to work out- 
side their home. 


Antibiotics in Medicine. British Medical 


Bulletin. 


Vol. 16, Nr 1 Jan. 1960. 65 Davies Street, 
London, W. 1. England. Price £ 1. 


Since the pediatrician deals with the use of 
ibioties in his daily work in hospital and 
tice he cannot really afford to be ig- 
norant of or even behind in this matter. The 
sh Medical Bulletin has a whole issue 
‘Artibiotics in Medicine”’ to offer. The ar- 


ticks by outstanding English authors are 
ver’ valuable. The main interest is focu- 
sed upon the general aspects of antibiotic 
the apy. A comprehensive account of thera- 


per ie uses is out of question because of the 
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limitations of space. Nevertheless, four con- 
tributions are concerned with specific clinical 
uses; preventative administration in medi- 
cine and surgery, treatment of tuberculosis 
and bacterial endocarditis. The remaining 
contributions deal with more general mat- 
ters, like the chemical nature and the re- 
lationships of antibiotics, the methods of 
their employment, their mechanism of 
effect, their beneficial and ill effects, ac- 
quired bacterial resistance to antibiotics, 
determination of bacterial sensitivity and 
the use of antibiotics in selective culture 
media. The many profound problems of 
antibiotic therapy, such as the questions of 
interaction between the individual cell and 
the antibiotic, the general necessity for 
combined treatment and the extent of pre- 
ventative use of antibiotics, cannot be sett- 
led in this symposium. The attempt is to 
provide the reader with well-documented in- 
formation on which he can base his own opi- 
nion, and with information which is not ob- 
tainable in books of the very rapid and com- 
plex developments in this particular field of 
medicine. 
Ole Wasz-Hoéckert, Helsingfors 


Advances in Pediatrics Volume XI, 1960. 
Z. Levine (Ed.). The Year Book Publishers, 
Chicago, Ill. 


The eleventh volume of Advances in 
Pediatrics offers its reader six different 
topics: 1, respiratory problems in the new- 
born period; 2, interrelations between sodium 
metabolism and brain function; 3, allergy in 
childhood; 4, treatment of enteric dehydra- 
tion; 5, aminoaciduria and aminoacid meta- 
bolism; 6, steroid treatment in rheumatic 
carditis. The chapters are well written by 
qualified people. The references are complete 
and up-to-date. 

Monographs 1, 2, 
review articles; here the voluminous, often 
recently obtained knowledge has_ been 
summarized in paragraphs which are easy to 
read and understand. Monographs 3, 4 and 6 
emphasize the practical therapeutics of these 
common pediatric problems and should be a 


and 5 are primarily 
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useful guide to the clinician, particularily 
since each is written by an author with 
long-standing experience in his subject. 
Like other volumes of Advances in Pedi- 
atrics, the eleventh is written so that it can 
also be understood by the physician who is 
not too familiar with the particular field at 


hand. 
G. Wallgren, Stockholm 


Franz Schmid und Helmut Moll: Atlas der 
normalen und pathologischen Handskelett- 
entwicklung. 


Springer Verlag, Berlin, G6ttingen, Hei- 
delberg, 1960. Price; 78 DM. 
10 tables, 113 fig., 114 pp. 


This book is composed of two parts: an 
atlas and a clinical-diagnostic study. The 
atlas, which contains no less than 70 repro- 
ductions, forms the basis for the estimation 
of normal and abnormal values for the rate 
of appearance, size and configuration of the 
skeletal elements of the hand. It is richly 
supplemented by tables, which present the 
normal variations in size of the carpal bones, 
as well as height and weight of normal 
subjects from the neonatal period up to 14 
years of age. Additional tables give a con- 
densed survey of the appearance time for the 
carpal bones and the epiphyseal centers of 
the hand, and the relation between the height 
of the individual and the length of the hand. 
In two tables the length of the humerus, 
radius and ulna is related to age and height 
of the normal individual. The relationship 


between the size of the carpal bone: and 
height of the body is also given. 

In the second part, an extensive acount 
is presented of the diagnostic significa: ice of 
abnormalities in the different bones «{ the 
hand as to number, order and rate of a) pear- 
ance, configuration and disturbances of 
mineralization. This section is also richly 
illustrated. The reproductions are, wi: hout 
exception, of high quality. In a particilarly 
interesting chapter, the reflection of disturb- 
ances in the central nervous system on the 
skeletal development of the hand is briefly 
described. Deviations from normal are com- 
mon and some of them have diagnostic 
significance. It follows that such patients 
are not feasible subjects for studies of norma! 
variations in skeletal development, a point 
on which enough emphasis has not invari- 
ably been placed in earlier treateses. 

According to the present study, radio- 
graphic examination of the hand with due 
consideration to its length, the size of its 
bony elements and their rate and_ order 
of appearance, should obviate the need for 
more extensive radiologic examinations of 
the extremities for determining skeletal age 
in daily practice. It is obvious that this 
means, among other things, a clear reduction 
in radiation dose. 

In the reviewer’s opinion, this book is an 
outstanding contribution to a subject that 
and _ radiologists 


interests paediatricians 


alike. It can be warmly recommended. 


Ulf Rudhe, Stockholm 


ANNOUNCEMENT 


The X International Congress of Pediatrics 


The X Internationel Congress of Pedia- 
tries will be held in Lisbon, Port:.gal Sept. 
9 to 15, 1962 with Professor C. Salazar de 
Sousa as President. An axcellent scientific 
program is being arranged with translation 
services for French and English. An exten- 


sive social program is planned as are sci: nti- 
fie exhibits, industrial exhibits, and ex° ibi- 
tions of art and children’s literature. [he 
address of the Secretariat: Av. 28 de } .i0, 
Lisbon, Portugal. 
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From the Public Health Laboratory, Manchester, and the Streptococcus and Staphylococ- 
cus Reference Laboratory, Colindale, London 


Further Observations on the Bacteriology of Impetigo and 
Pemphigus Neonatorum 


by M. T. PARKER and R. E. O. WILLIAMS 


The two organisms most often conside- 
red as possible causes of impetigo contagiosa 
are Staphylococcus aureus and Streptococcus 
pyogenes. They have been isolated in widely 
varying proportions from series of cases 
examined at different times and in dif- 
ferent parts of the world. The idea that 
there are two clinical forms of the disease, 
one staphylococcal and the other strep- 
tococcal, was first put forward clearly 
by Engman (1901). He considered that 
the classical impetigo contagiosa of Dunn 
(1863) and Fox (1864), which is charac- 
terised by a relatively thick ‘‘stuck-on” 
crust, was a streptococcal disease, and 
described in addition a bullous type from 
which Staph. aureus could be isolated, 
usually in pure culture. The close resem- 
blaice between the bullous type of impe- 
tig, and pemphigus neonatorum was also 


noted many years ago, and several wor- 


ker considered that they were essentially 
the same disease, due to strains of Staph. 


au:us with a special ability to give rise to 


an intraepidermal vesicular lesion (1, 5, 
15. but numerous attempts to show that 
th y differed culturally from Staph. au- 
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reus strains from boils and abscesses were 
unsuccessful (9). 

In 1955, Parker, Tomlinson & Williams 
described an epidemic of impetigo in 
Salford, Lancashire, in a which Staph. 
aureus was isolated from 83% and Str. 
pyogenes from 47 % of the lesions. They 
found that three-quarters of the staphylo- 
cocci belonged to a single phage type 
(Type 71) which was not commonly found 
in other sorts of lesion and was rare in 
of the 
strains of Str. pyogenes gave one of two 
patterns, 3/13/B3264 and 5/11/12/27/44, 
when typed by agglutination. In the same 
year Barrow (3) examined a series of cases 
of impetigo in Bradford and found that 
63% of the Staph. aureus strains be- 
longed to Type 71. He obtained Str. 
pyogenes from only 17 % of his cases, and 
only one-third of them had the typing 
patterns commonly observed in Salford. 
His cases had been seen in a hospital out- 
patient department, whereas the Salford 
cases had been swabbed in school minor- 
ailment clinics. Spittlehouse (22) examined 
swabs from a series of hospital out- 


deep suppurations. Also, 78 % 
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patients with impetigo in Sheffield during partment. We also give further infcrma. 
the following year, and also noticed a pre- tion about the association of Staph. « :reus 
dominance of Staph. aureus Type 71, but Type 71 with infections of newborn in: ants, 
he gave no information about the isolation including pemphigus neonatorum. 
of streptococci. 

Although Staph. aureus Type 71 did not 
predominate in any lesion other than im- Materials and Methods 


petigo, the Manchester workers noticed 

Between September 1953 and August 
1957 swabs from 514 cases of impetizo in 
children were received, nearly all trom 
fants, and in 1957 Gillespie, Pope & Simp- school clinics, 403 of them in Salford and the 


that it was found fairly often in bullous 
and pustular skin infections of newborn in- 


son described a _ hospital outbreak of — rest in neighbouring towns. Also in the years 
pemphigus neonatorum due to it. 1955-7, 95 patients diagnosed as impetigo in 
the Out-Patient Department of the Man- 
chester & Salford Skin Hospital by Dr. J. 
K. Mergan and Dr. K. R. Haye were swab- 
the growth of Corynebacterium diphtheriae hed when they first attended at the hospital. 


Type 71 staphylococci have a number of 
unusual cultural characters. They inhibit 


in surface cultures on blood agar with the All swabs were cultured on blood agar and 
production of a characteristic sharply- 0 gentian violet blood agar, and strains of 
staphylococci and streptococci were isolated 
and identified by methods described _pre- 
viously (19). During the 4 years from Sep- 
medium (17). The use of these tests has tember 1953, 532 strains of Staph. aureus 


demarcated zone, and they produce opa- 
city on serum agar but not in an egg yolk 


made it possible to recognise a small num- from lesions of newborn infants, mainly but 
ber of other strains with ‘71-like’ charac- ot exclusively infected in hospital, were col- 
lected. 


ters. They, too, are found exclusively in 
Strains of Sir. pyogenes were typed both 
superficial situations, and are associated 

ea : ; by the slide agglutination (14) and by the 
with impetigo and pemphigus neonatorum. precipitation (23) methods. Very few of the 

It is tempting to believe that Staph. streptococci were typable by the M precipitin 
aureus Type 71 and Str. pyogenes ‘types’ test and many gave complex agglutination 
3/13/B3264 and 5/11/12/27/44 are the Pétterns with T sera for several types. A 
strain described as having, for example, the 
agglutination pattern 3/13/B3264 was one 
streptococcal impetigo. The significance which was agglutinated by two or more of 


of the very common mixed infections, in these T sera but gave no M precipitation 


causes respectively of staphylococcal and 


which both Staph. aureus and Str. pyogenes reaction. 

Strains of Staph. aureus were phage-ty ed 
as described by Anderson & Williams 2), 
using the basic set of phages recommen ‘ed 
marise information obtained on the bac- py the International Committee on Ph ge 


are found in the same lesion, has still to be 
explained. In the present paper we sum- 


teriology of impetigo in south-east Lanca- Typing (Report, 1959), except for ph ge 
shire in the years 1953-7 and compare the 89, which was only included after Au; ist 
1955. They were also subjected to the ol- 


frequency of occurrence of certain sta- 
lowing tests: penicillin resistance, inhibit ry 
phylococcal and streptococcal types, alone 

. 7 action on C. diphtheriae, the egg yolk r ic- 


and in combination, in cases seen in school tion. and the opacity reaction on hi 


clinics and in a hospital out-patient de- serum agar, as described previously | 
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BACTERIOLOGY OF IMPETIGO AND PEMPHIGUS NEONATORUM 


YEARLY 
700 
400 4 
100 + 
200 | MONTHLY 
100 + 
1954 1952 1953 
Fig. 1. 
Results 


Impetigo was found to be unusually pre- 
valent among school-children in Salford 
when the schools re-assembled after the 
summer holidays in 1953. Many of the 
cases were exceptionally severe, and were 
characterised by the presence of large 
bullae. Lesions occurred not only on the 
face and neck, but also on the chest, ab- 
domen, buttocks, hands and arms (4). 
At about the same time it was reported 
from the neighbouring borough of Eccles 
that an unusual bullous skin infection had 


1954 
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1955 1956 1957 


Number of cases of impetigo treated in school clinics in Salford. 


become common among school-children. 
The information in Fig. 1, which shows the 
annual and monthly numbers of cases of 
impetigo treated in Salford Health Depart- 
ment clinics, was provided by Dr. J. L. 
Burn. In his opinion, the figures for the 
peak of the 1953 outbreak are somewhat 
inflated by an intensive search for cases 
made in October and November. The out- 
break was probably already under way 
when the school term began in September, 
and continued through the autumn and the 
early part of the winter. There was a con- 


TariE 1. Presence of Staphylococcus aureus and of haemolytic streptococci in lesion swabs 
of cases of impetigo. 


School clinics 


Skin 

Hospital 

Number of lesions 1953-54 1954-55 1955-57 1955-57 
Total 190 183 141 95 

cont.ining Staph. aureus 158 (83%) 155 (85% 114 (81%) 92 (97 %) 

Str. pyogenes 90 (47 %) 91 (50%) 63 (45%) 12 (12 %) 
Haemolytic streptococci Group C 8 2 4 3 
Heamolytic streptococci Group G 2 2 1 0 

No Staph. aureus or haemolytic 

streptococci 6 1} 10 2 
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TABLE 2. Phage-typing of Staphylococcus aureus strains from impetigo lesions 


School clinics 


Skin 
Hospital 
Phage group 1953-54 1954-55 1955-57 1955-57) Total 
I. 4 4 16 6 30 
{ Type 71 119 (75%) 84 (54 %) 54 (47%) 69(75%) 326 (63%) 
like” 2 6 3 14 
| Other patterns 7 13 9 1 30 
Itt. 8 15 10 8 41 
: _ Jf “71-like” 12 2 0 15 
12 18 10 3 43 
Unclassifiable 5 3 10 2 20 
Total Type 71 & “71-like”’ 
strains 122 (78%) 102 (66%) 59 (52 %) 72 (78%) 355 (68%) 
Total 158 155 114 92 519 


siderable falling-off of cases in February 
1954. Small autumnal peaks occurred in 
1954 and 1955, but thereafter the inci- 
dence was low and non-seasonal. 


Bacteriology of Impetigo Lesions 


The results of the bacteriological exa- 
mination of one lesion from each of 609 
patients are summarised in Table 1. It was 
convenient to divide the material from the 
the 
year, which begins in September, and 


school-clinics according to school 


since the number of cases examined in the 
two years 1955-56 and 1956-57 was rather 
small they will be considered together. 
About 80 per cent of the swabs examined 
in each period were from cases in Salford, 
where a systematic study of the disease 
was being made. No difference could be 
found between the results of the Salford 
swabs and those from neighbouring towns, 
and they will not be considered separately. 
As might have been expected, the propor- 
tion of notified cases examined bacterio- 
logically was lowest when the disease was 


most common. Swabs were received from 


20 % of the recorded cases in 1953-54, but 
the proportion had risen to 70 % by 1956- 
57. Despite the fall in the incidence of the 
disease during the period of the investiga- 
tion, there was little change in the propor- 
tion of swabs yielding Staph. aureus and 
Str. pyogenes. In each year four-fifths of all 
lesions contained Staph. aureus. Just under 
half contained only Staph. aureus, one- 
third yielded both Staph. aureus and Str. 
pyogenes and a little over one-tenth Str. 
pyogenes alone. The findings in the scries 
of hospital out-patients, examined during 
the 2 years in which the disease appeared 
to be relatively uncommon, and shown in 
the last column of Table 1, were entirely 
different. Here, 97 % of the lesions 
tained Staph. aureus, but Str. pyoy:nes 
The results 


were, in fact, very like those obtainec by 


con- 
was present in only 12 %. 


Barrow (3), from hospital out-patient -. in 
Bradford in 1953-54. 
Table 2 


typing the Staph. aureus strains and s] ws 


gives the results of ph ige- 


the proportion belonging to Type 71 ar | to 
certain other groups. Type 71 was b) far 
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BACTERIOLOGY OF IMPETIGO AND PEMPHIGUS NEONATORUM 


T.8LE 3. Presence of Streptococcus pyogenes strains reacting with sera 3/13/B3264, 
5/11/12/27/44 & 8/25/Imp. 19 in impetigo lesions. 
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Strains described as “‘mixed’’ reacted with 2 or more sera of each of the two groups 
3/13/B3264 & 5/11/12/27/44). 


School clinics 


Skin 
Hospital 
1953-54 1954-55 1955-57 1955-57 Total 
Total Str. poygenes 90% 91 63 12 256 
3/13/3264 33 35 32 3 103 
5/11/12/27/44 34 36 11 3 84 
“Mixed” 0 3 0 1 4 
8/25/Imp. 19 2 2 12 0 16 
Other types 17 15 8 5 45 


* 4 strains not typed. 


the most commonly encountered type in 
all years, and the rest of the strains in- 
cluded a great variety of different phage 
patterns, none of which occurred fre- 
quently. There was a steady fall in the 
proportion of Type 71 strains in the 
school-clinie series from 75 % in 1953-54 
to 47 % in 1955-57. In the hospital out- 
patient series, the percentage in 1955-57 
was as high as it had been in the school 
clinics at the peak of the impetigo epi- 
demic. Table 2 also shows that a number 
of strains in the rest of phage Group IT, 
and of non-typable strains, with ‘71-like’ 
characters were also isolated: these strains 
all vave ‘sharp’ inhibition-zones on C. 
diphtheriae and were egg-yolk negative. 
If they are accepted as possible causes of 
impetigo, the difference between the find- 
ings in 1953-54 and 1954-55 would be 
somewhat reduced. 

hi Table 3 the results of typing strains 
of Str. pyogenes are shown. In_ both 
195:-54 and 1954-55, the two impetigo 
‘types’ 3/13/B3264 and 5/11/12/27/44 to- 
get! er made up 70 % of all strains, but in 
the ‘ast 2 years there was a relative defici- 
enc of 5/11/12/27/44 strains. It is inter- 


esting to note that during this latter 
period a number of strains agglutinated 
by the sera 8/25/Imp 19 were isolated, as 
similar strains had made up nearly one- 
third of a series from impetigo among 
troops examined by Dr. N. Crowley in 
1941 (see Parker et al. (19). Four strains 
reacting with 2 sera from each of the 
groups 3/13/B3264 and 5/11/12/27/44 (re- 
corded as ‘mixed’ strains in Table 3) were 
also seen. 

Some further indication of the impor- 
tance of the various types can be obtained 
from the streptococcus type distribution 
surveys carried out twice a year by the 
Public Health Laboratory Service (Report 
1957 and further unpublished results). 
In 13 surveys there were streptococci 
from a total of 60 cases of impetigo: 35 % 
had agglutination patterns in 3/13/B3264, 
17 % in 5/11/12/27/44, and 5% in 8/25. 
The percentage among the 3660 strepto- 
cocci from all sources were, respectively, 
5, 12, and 6. The excess of strains in the 
3/13/B3264 group is therefore clear; that 
in the 5/11/12/27/44 group is less clear; and 
there is no excess in the 8/25 group. 

The serological reactions of the impetigo 
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TABLE 4. The association of specific types of Staphylococcus aureus 


M. T. PARKER AND R. E. O. WILLIAMS 


and of Strept: 


ICCUS 
pyogenes in patients with impetigo. 
Number of cases with streptococci 
/ “types” 3/13/B3264 other 
5/11/12/27/44 or mixed types absent Total 
Cases with staphylococci 
Type 71 & “71-like;’ 65 22 266 353 
Other types 76 30 57 163 
Absent 50 9 30 89 
Total 191 61 35% 605 


streptococci have also been investigated 
in more detail. Using the methods for 
absorption of typing sera described by 
McLean (16), it has been found that most 
recently isolated impetigo strains in the 
5/11/12/27/44 
probably in fact Type 11. There is some 
indication that impetigo streptococci, 
whether in the 3/13/B3264 or the 5/11/12/ 
27/44 group, may share a common antigen 


agglutination group are 


not found in strains from other lesions 
(Fraser, unpublished observations). These 
relationships will require further study, but 
they may well lend support to the idea that 
there are specific characters associated 
with the streptococci that cause impetigo. 


The Association between Staphylococcal and 

Streptococcal Types in Impetigo Lesions 

If impetigo may be either staphylo- 
coccal or streptococcal, and only certain 
strains of either organism can cause it, 
one might expect that the staphylococcal 
cases would yield the specific staphylococ- 
cus but that the streptococci found in 
them might be of any type, and conversely 
that the streptococcal cases might have 
a variety of types of staphylococci. 

For Table 4 the specific impetigo sta- 
phylococci were taken as those of Type 71 
and the ‘71-like’ Group II and untypable 


strains; impetigo streptococci were those 
with agglutination patterns 3/13/B3264 
or 5/11/12/27/44 or mixtures of the two. 

Of the 353 cases yielding the specific 
staphylococci, 87 (25%) 


yielded some 


streptococci whereas of the 252 cases not 
yielding impetigo staphylococci, 165 (66 %) 
In both 


however, some 76 % of the streptococci 


yielded streptococci. groups, 
belonged to the impetigo types. In the 
P.H.L.S. surveys, 17 % of all streptococci 
belonged to these types. 


There were 191 cases with impetigo | 


streptococci and 141 (74%) of these 
yielded staphylococci; there were 414 cases 
with no impetigo streptococci and 375 
(91 %) yielded staphylococci. In the two 
groups the proportion of the staphylo- 
cocci in the impetigo types were 46% 
and 77% 
staphylococci in lesions other than im- 


respectively. In a survey of 


petigo in out-patients (17), only 7 % /e- 
longed to Type 71. Williams (25) found 
only 2% of Type 71 strains among 
staphylococci from septic lesions in h \s- 
pital patients. 

It seems, then, that when ‘impeti 0’ 
staphylococci were absent there was 1 
increased frequency of streptococci, a d 
conversely. But whether staphyloce <i 
% of tie 


were present or not, about 76 
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Fig. 2. Percentage of lesions from which impetigo streptococci and impetigo staphylococci were iso- 
lated alone or together. 


streptococci were of the specific impetigo 
types. as though perhaps these types were 
especially well adapted to life on the skin. 
In all cases a large proportion of the sta- 
phylococei belonged to Type 71 but the 
proportion was greater in lesions yielding 
no streptococci. 

Fig. 2 shows the percentage of lesions 
associated with impetigo staphylococci and 
impetigo streptococci alone or together. 
If impetigo is considered staphylococcal 
when it contains only Staph. aureus Type 
71 or a °71-like’ strain, streptococcal when 
it contains only Str. pyogenes with agglu- 
tination patterns in 3/13/B3264, 5/11/12/ 
27/44 or in both, and mixed when it con- 
tains both staphylococci and streptococci 
of impetigo types, then 43 % of the school 
clinic cases were presumably staphylococ- 
cal 24% streptococcal and 12 % mixed. 
Th: percentage of staphylococcal cases fell 
ste dily as impetigo became less common 
(48 °, in 1953-54: 36 % in 1955-57). Most 
of he mixed cases occurred in the early 
ye: s, and streptococcal cases were com- 


moner in the later years than in 1953-54. 
The percentage of cases from which no 
specific organism was isolated was grea- 
test when the incidence of the disease 
was lowest. In the series of hospital out- 
patients, 75 % of the cases were presum- 


ably staphylococcal, 6% streptococcal 


and 1 % mixed. 


Staphylococcal Infections of Newborn 
Infants 

Between September 1953 and 
1957, 532 strains of Staph. aureus from in- 
fant lesions were received for typing at the 
Manchester Public Health Laboratory. They 
included representative strains from 34 
outbreaks of sepsis and 13 sporadic infec- 
tions in 23 hospitals in north-west England. 
No attempt was made to select the material, 
which represents those incidents in which 
hospital pathologists considered that they 
needed the help of phage-typing to investi- 
gate and control an outbreak. Staphylococci 
were also obtained from 1 small outbreak 
and 3 sporadic infections in infants born at 


August 


home. 


Table 5 summarises the typing results 
on the strains from all sorts of lesions. As 
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TABLE 5. Phage-typing 
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of 532 Staphylococcus aureus strains from lesions of ne born 


infants. 


Skin: vesicles, 


bullae Other skin Umbilical Conjunc- Dep 

Phage group or spots lesions sepsis tivitis suppuration 
Je 92 3 39 49 28 
Type 71 67 4 0 7 | 
““71-like’’ A 3 0 0 ) 
“71-like” B 9 l 0 2 0 
Other patterns 0 | 2 
IT. 43 4 31 35 
aa { “71-like” 0 0 0 0 
Not typable Other 39 2 8 25 
Unclassifiable 2 0 6 6 0 
Total 263 12 84 129 44 


is usual, representatives of a great many 
phage patterns were found. Only 14 % of 
all the strains, but 25 % of those from 
vesicles, bullae and ‘spots’ on the skin 
belonged to Type 71. Only 6 % of strains 
from other superficial situations, and 2 % 
from deep lesions were of this type. Phage 
Group II strains other than Type 71 were 
uncommon, as is usual in hospitals. It is 
interesting to note that over half of them 
were not Group II strains of the sort com- 
monly found in boils and abscesses in 
general practice, but were ‘71-like’. Those 
referred to as “71-like A’ were identical 
with the strains seen in impetigo lesions, 
and those described as ‘71-like B’ all had 
the phage-pattern 55/71, did not inhibit 
C. diphtheriae but were egg-yolk negative 
and penicillin resistant. They were there- 
the ‘DI 


variant which appears in practically all 


fore identical with negative’ 
Type 71 cultures on storage in the labora- 
tory (18). Such strains were also isolated 
in some outbreaks in close epidemiological 
association with ordinary Type 71 strains, 
one outbreak both forms were 


and in 


isolated from each of two patients on the 


same occasion. 


In Table 6, information is given about 
the 35 outbreaks and 17 sporadic cases 
from which these strains had been isola- 
ted. It shows the phage-typing results on 
all strains responsible for skin sepsis in 


each incident; strains obtained only from | 


‘sticky eye’ or from trivial umbilical in- 
fections are excluded. In 26 outbreaks on- 


ly one strain was involved, but 24 diffe. | 


rent strains were isolated in the remaining 
9 outbreaks. Although Type 71 was re- 
sponsible for only a quarter of all the skin 
spots, it was one of the infecting types in 


19/35 (54 %) of all outbreaks, and was the | 


only strain isolated in 14/26 (54 %) of 


outbreaks due to one type. Two ‘71-like’ | 


strains also gave rise to outbreaks. The 
average size of the outbreaks due to ‘l'ype 


71 was rather small (usually 5 cases or 


less). In the last column of Table 6 are the | 


17 strains from single cases of skin se»sis, 
14 arising in hospital and 3 in babies | orn 


at home. Ten were due to Type 71. in- 


cluding all three of the home delive 
One of the latter appeared to have | 
contracted from an older child with in pe- 
tigo. 

We obtained accounts of the clir <al 
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TasLE 6. Phage-typing of the strains of Staphylococcus aureus responsible for 35 out- 
breaks & 17 sporadic cases of skin sepsis in newborn infants. 


Phage group All strains 


Outbreaks due to a 


single strain Sporadic cases 


14 
Type 71 19% 

“71-like” A 1 
y “*71-like”’ B 
Other patterns 0 

Lf. 12 
“7 1-like” 0 

Not typable { Other ‘ 
Unclassifiable 0 
Total 50 


5 0 
14° 10 
0 
0 
0 1 
4 0 
0 1 
5 
0 0 
26 17 


2 8 with associated cases due to ‘‘71-like’’ B. 
> 2 with associated cases due to “71-like”’ B. 


condition of many of the infants who had 
skin infections due to Staph. aureus 
Type 71. The lesions varied greatly in 
severity, but the characteristic appearance 
was of a superficial blister with little sur- 
rounding inflammatory reaction. Some- 
times only a few small vesicles were pre- 
sent, at others large, confluent bullae. 
Occasionally a generalised exfoliative der- 
matitis occurred. We have encountered 
four such cases which were diagnosed 
clinically as Von Ritter’s disease. Two of 
these formed part of a small outbreak 
consisting of two cases of generalised ex- 
foliative dermatitis and one case of im- 
petigo associated with a midwife in domici- 
liary practice. The first infant died rapidly 
from in exfoliative dermatitis, from which 
Stap/. aureus was grown in pure culture 
but vas not typed. A few days later, a few 


clear blisters ‘like scalds’ appeared on the 


arm of an older sister of the baby, but no 
cult) res were made. The second baby, in a 
diffe-ent household in the same village, 
was elivered by the same midwife about a 
fort: ight later. It suffered from a severe 


attack of exfoliative dermatitis but sur- 
vived. Staph. awreus Type 71 was isolated 
from the skin lesion of the second baby 
and from the nose of the midwife. 


Discussion 


The information presented here lends 
some support to the view that the super- 
ficial vesicular or crusted non-scarring 
lesions diagnosed clinically as impetigo 
contagiosa include a staphylococcal disease 
due to Staph. aureus Type 71 and a strep- 
tococcal disease associated with Str. pyo- 
genes ‘type’ 3/13/B3264 or 5/11/12/27/44. 

The material examined consisted of 
single swabs from the lesions of impetigo 
cases, seen by a number of medical officers, 
on first attendance at a school clinic or a 
hospital out-patient department, and in- 
cluded swabs collected at all stages of the 
disease. One or more of the organisms 
thought to be associated with impetigo 
was isolated from 79 % of the cases. The 
remaining 21 % may have included some 
in which the causative organism had dis- 
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appeared before the lesion was swabbed, 
some in which its presence was masked 
by secondary invasion by another strain 
of the same species, others in which the 
diagnosis was incorrect, and possibly also 
cases due to other strains of Staph. aureus, 
ot Str. the of 


which with impetigo has not yet been 


or pyogenes, association 
recognised. 

In the whole series, staphylococcal im- 
petigo appeared to be about twice as com- 
mon as streptococcal, and there were con- 
siderable differences in the relative pro- 
portions from year to year. A mpst un- 
expected finding, however, was the great 
flora of 
swabbed in school clinics and the out- 


difference between the lesions 
patient department of the skin hospital. 
Although staphylococcal cases were at all 
times more common than streptococcal 
cases in the school clinics, the difference 
was not great, except during the impetigo 
epidemic in 1953, and the two specific 
types of Str. pyogenes were at no time iso- 
lated from less than 30 % of the lesions. 
In the hospital out-patient series, which 
was examined at a time of low incidence 
of impetigo in the general population, 
Staph. aureus Type 71 was isolated from 
nearly three-quarters of the cases, and 
Str. pyogenes was seldom seen. A number 
of possible explanations of this were con- 
sidered. It might be thought that Str. 
pyogenes was present frequently in early, 
untreated cases seen in the school clinics, 
and that secondary infection with Staph. 
aureus, either naturally or in consequence 
of penicillin treatment, had caused the 
disappearance of the streptococci before 
the cases were referred to the skin hospital. 
This did not seem to be so, since there was 
no difference in the frequency with which 
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Staph. aureus Type 71 was isolatec. froy 
those skin hospital cases seen within * day; 
of onset and from those seen late». Th 
possibility that the cases which ielded 
Str. pyogenes were given some othe: diag. 
nostic label by the physicians at the skiy 
hospital was also considered. A sample of 
other superficial lesions seen in the sany 
out-patient clinics was examined, but very 
few strains of the specific ‘types’ of Str 
pyogenes were isolated. We were therefore 
forced to the conclusion that the cases 
which commonly yielded Str. pyogenes 
did not often reach the hospital out-patient 
department. This further strengthened 
our conviction that the school clinic cases 


which was not severe enough to be refer. 


included two separate diseases, one « 


red to hospital. 

Opinion is divided among dermatolo- 
gists as to whether a clinical distinction 
between staphylococcal and streptococcal 
impetigo can be made. It is notable that 
those who have made the distinction with 
most confidence have had experience of 
severe outbreaks of bullous impetigo in 
which only Staph. aureus can be isolated 
from most of the lesions (6, 8, 10, 24). 
Such conditions appear to occur fre- 
quently in countries with a hot dry sum- 
mer (8), but the careful clinical observa- 
tions of Friedberg (12) suggest that the 
distinction can be made on sporadic «ases 
occurring in temperate climates. It i 
sible that the clinical diagnosis of sta}) 


pos- 
ylo- 


coccal impetigo is easily made only «hen 


the lesions are severe enough for 


be seen while the vesicles or bulla: are 
unruptured, and this seems to have | een 
the case during the earlier part of the *al- 
ford epidemic in 1953. At other time: *he 
initial vesicle appears often to have | °en 


small. : 
time t! 
school 
lesion | 
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small, and to have ruptured early. By the 
time the cases were seen, either in the 
school clinics or at the skin hospital, the 
lesion had become crusted and was not 
very characteristic. 

Our findings go some way towards 
explaining the nature of the mixed infec- 
tions with Staph. aureus and Str. pyogenes 
which made up about one-third of the 
school clinic cases. The typing results sug- 
gested that most of them were secondary 
staphylococcal infections of streptococcal 
lesions. However, the relative frequency 
with which Staph. aureus Type 71 and 
a specific streptococcus were found to- 
gether in the same lesion remains unex- 
plained. 

The part played by Staph. aureus Type 
7l in the skin infections of newborn in- 
fants has been obscured by the fact that it 
seldom gives rise to large epidemics in hos- 
pital. possibly because it seldom becomes 
widely disseminated among the contacts 
of cases. In the years 1953-57 it gave rise 
frequently to single cases and small epi- 
demics in north-west England. It appears 
to have been rarer in the south of England 
than in the north during these years, but 
to have given rise to epidemics of the same 
general sort in both areas. Williams (25) 
found only 20 Type 71 strains among 493 
‘independent’ strains from maternity hos- 


ses 


OS- 


pitals in southern England in the years 
1954-57, and the average number of cases 
in seven outbreaks was 4.3. 

Th 
consi t characteristically of an intraepi- 


lesions from which it is isolated 


re | derm:| vesicle with little inflammatory 
en | react on in the deeper tissues, in striking 
- | cont: 1st to the more boil-like lesion, often 
1e | with inderlying cellulitis, caused by other 


strai s, including Type 80. Severe lesions 
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due to Type 71 sometimes occur, and in- 
volve large areas of skin, but the lesion is 
confined to the epidermis. 


Summary 


Six hundred and nine impetigo lesions 
were examined bacteriologically and the 
presence in them of certain types of 
Staph. aureus and of Str. pyogenes thought 
to be specifically associated with impetigo 
was determined. 

On the basis of the bacteriological find- 
ings, 47 % of the cases were considered to 
be staphylococcal, 21 % streptococcal and 
11 % mixed. No specific pathogen was iso- 
lated from 21 %. 

Among children seen in school minor 
ailment clinics, staphylococcal cases pre- 
dominated when impetigo was prevalent, 
but at all times a fifth or more of the cases 
were streptococcal. Cases referred to the 
out-patient department of a skin hospital 
were, however, nearly all staphylococcal. 

It is probable that impetigo includes a 
more severe, often bullous, skin infection 
due to Staph. aureus Type 71, and a less 
severe condition associated with certain 
types of Str. pyogenes. 

Staph. aureus Type 71 was also respon- 
sible for a number of outbreaks of skin 
infection among newborn infants in hospi- 
tal. Cases were of all degrees of severity 
from a mild vesicular eruption to a fully 
developed pemphigus neonatorum, and a 
few cases of generalised exfoliative derma- 
titis were seen. 

Similar cases due to Type 71 were oc- 
casionally seen in domiciliary practice, 
infected either from the midwife or from 
an older child with staphylococcal impe- 


tigo. 
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The characteristic skin lesion caused by 
Staph. aureus Type 71 is an intraepidermal 
vesicle or bulla with little inflammatory 
reaction in the deeper tissues. 
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From the State Veterinary Medical Institute, Stockholm, Sweden 


Sensitivity of Listeria Monocytogenes in vitro to Different Antibioties 


and Chemotherapeutics 


by K. G. NYSTROM and K.-A. KARLSSON 


During the period Jan. 1, 1948, to 
April 30, 1960, 177 Listeria monocytogenes 
(L.m.) strains have been isolated and 
collected in our Institute. In view of the 
increasing interest in listeriosis in Sweden 
we have studied a number of these strains 
with respect to their sensitivity in vitro to 
various antibiotics and chemotherapeutics. 
The classification of antibacterial sub- 
stances according to origin is not con- 
sidered necessary in modern medical ter- 
minology. 

As has been pointed out, inter alia, by 
Ericsson & Svartz-Malmberg (3) the anti- 
hacterial spectra to antibiotics are not 
constant but vary from one time and one 
environment to another. For this reason it 
is of interest to study a large number of 
hacterial strains of the same species in 
order to be able to note any variations 
that occur in their degree of sensitivity 
to different antibiotics. 


Survey of Literature 


For general information on animal lister- 
in Sweden the reader is referred to 
n & Karlsson (6). So far as we have 
able to discover from the available 


iosis 
Nils: 
heen 
liter: ture, apart from Linzenmeier & See- 


liger ; survey (5) of the sensitivity to 


antibiotics of 25 L.m. strains, no large 
number of these strains has been studied 
at any one time by the same method. On 
the other hand, there are numerous reports 
on the sensitivity of single strains to 
different antibiotics. Seeliger (7) summa- 
rizes the results to the effect that the tetra- 
cyclines (chlortetracycline, oxytetracy- 
cline, tetracycline) show the greatest anti- 
biotic effect, followed by the sulphona- 
mide compounds, the latter being most 
active in combination with penicillin. Resi- 
stance quickly develops against strepto- 
mycin. The use of chloramphenicol and 
erythromycin appears to give promising 
results. 

Cronin & Moran (1) have reported that 
9 L.m. strains investigated are sensitive 
to low concentrations of nitrofuran com- 


pounds in vitro. 


Material and Method 


Of 177 L.m. strains isolated at the Swedish 
State Veterinary Medical Institute from 15 
animal species, a study has been made of 
86 strains (Table 1). 

After the primary isolation the strains 
were passed at regular intervals and kept 
suspended in a physiological salt solution 
at — 20°C. 

Twenty-four of the strains investigated 
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TABLE |. Listeria monocytogenes isolated 
at the State Veterinary Medical Institute 
1/1/1948-30/4/1960. 


No. of No. of 

Animal spccies isolations strains tested 
Poultry 124 54 
Chinchilla 20 15 
Hare 9 “| 
Cattle 5 l 
Sheep 3 3 
Rabbit 
Roe deer 3 ] 
Fox 2 - 
Pig 2 | 
Fallow deer ] 1 
Turkey 
Cat l 
Partridge ] | 
Vole l = 
Wildduck l l 

Total 177 86 


have been earlier serotyped by Dr. H. 
Seeliger in Bonn, all being found to belong 
to Serotype 1. 

The sensitivity tests were performed by 
an agar diffusion technique described by 
Ericsson et al. (2, 3, 4). The strains were 
denoted as “sensitive”, ‘‘fairly sensitive’, 
“slightly sensitive’ and “‘resistant’’. These 
designations correspond to Groups I, II, 
III and IV. The clinical evaluations of these 
four groups, as proposed by Ericsson et al., 
are: 

I. “Sensitive” (likely to yield to therapy 
in general infection; ordinary dosage). 

II. ‘Fairly sensitive” (likely to yield to 
therapy in general infection; high dosage). 

Ill. “Slightly sensitive” (likely to yield 
to therapy in organ in which the agent may 
be concentrated, e.g. certain urinary infec- 
tions). 

IV. ‘‘Resistant”’ (therapeutic effect un- 
likely). 

This was the basis of evaluation for nine 
of the antibiotics tested. The polymyzxins, 
however, come into a different category. 
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Owing to their high molecular weig! t ay 
other physicochemical properties the: hay: 
a slow rate of diffusion. Ericsson & $ varty. 
Malmberg (3) therefore advise againsi usin; 
the quantitative variant of the dise n.ethoj 
for this antibiotic. 

Neomycin and bacitracin are charac erize( 
by their toxicity, and with oral tlerap 
effective concentrations are not 
except in the intestinal contents. Parenter 
application (e.g. in urinary infections) ofte 
involves a risk and should be reserved fo; 
treatment when especially sensitive strain 
are present. For these reasons Group I wa: 
excluded when evaluating the results wit! 
these agents. 

Novobiocin cannot be concentrated in the 
urine. For this antibiotic, therefore, Crow 
II should be directly followed by Group IV, 

Nitrofurantoin, on the other hand, attain: 
satisfactory therapeutic concentrations onl) 
in the urinary tract. Quantitative dete 
mination of nitrofurantoin is therefor 
superfluous for bacteria of Groups I and II 
But for the clinician all strains which ar 
inhibited by a Group III nitrofurantoi 
concentration are fully suited for therapy. 


Results and Discussion 


The distribution of sensitivity within 
the group of L.m. strains investigated, 
expressed in per cent, is shown in Table 
2. As is seen, the tetracyclines (chlortetra- 
cycline, oxytetracycline, tetracycline), 
erythromycin and streptomycin are most 


effective against L.m. in vitro. 
About 40 per cent of the investigated, 
strains show resistance to sulphonamide, 


Group - 


Charact« 


Kulfaisor 
Penicilli 
Erytrom 
Dleando 
Novobio 
Rtrepton 
Chlortet 
(xytetr 
Tetracy¢ 
Chloram 
Bacitrac 
Neomyc 
Polymy: 
Nitrofur 


Fig. 1. 
strains | 


a higher figure than reported by Lin zen-| Fesults 


meier & Seeliger (5). It is also app: rent jJiger’s 
from Figs. 1 and 2 that there is no esse 1tial_iotic 


difference in resistance referable to the exper 


species of animal from which the stain: 
emanate. 
As regards the tetracyclines, the pre sent 
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TABLE 2. Antibiotic sensitivity of Listeria strains expressed in per cent. 
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results are in close accordance with See- 
liger’s data (7) on the effect of these anti- 
hiotics in vitro and in vivo. Practical 
exper::nce shows treatment with tetra- 
cyclins to be of great value, having 
reduc d the mortality even among severe 
tases of listeriosis. This is only on condi- 


= 
I II III IV 
“Fairly “Slightly 

Characterization ... “*Sensitive”’ sensitive”’ sensitive”’ “Resistant” 
Kulfaisodimidine 20.9 20.9 17.5 40.7 
Penicillin 4.7 74.4 20.9 0 
Erytromycin 63.9 34.9 1.2 0 
Oleandomycin 19.8 70.9 9.3 0 
Novobiocin 4.7 52.3 See text 43.0 
ftreptomycin 94.1 4.7 1.2 0 
Chlortetracycline 81.4 18.6 0 0 
Oxytetracycline 74.4 25.6 0 0 
Tetracycline 79.1 20.9 0 0 
Chloramphenicol 12.8 83.7 3.5 0 
Bacitracin See text 0 i 98.8 
Neomycin See text 98.8 0 1.2 
Polymyxin 0 0 0 100 
Nitrofurantoin See text See text 76.7 23.3 
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Fig. 1. Resistant strains of Listeria monocytogenes expressed as percentage of total number of 
strains isolated from various species. I, chickens (54 strains); II, chinchilla (15 strains); III, other 
species (17 strains). 


tion, however, of early administration of 
therapy, maximum dosage and adequate 
period of treatment with respect to the 
risk of recrudescence. 

About 21 per cent of the L.m. strains 
investigated were “fairly sensitive” to 
tetracyclines. This emphasizes the im- 
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Sulphaiso- 
dimidine 


Fig. 2. 


Novobiocin 


Bacitracin 


Resistant strains of Listeria monocytogenes expressed as percentage of total number ¢ 


strains isolated from various species. I, chickens (54 strains); II, chinchilla (15 strains); I 
other species (17 strains). 


portance of deciding on the most bene- 
ficial therapy in every case by means of 


sensitivity tests in vitro. 


Summary 


The sensitivity of 14 antibiotics and 
chemotherapeutics to 86 strains of Listeria 
animal 


monocytogenes isolated from 15 


species was studied by means of an ag 
diffusion The tetracyclinge 


(chlortetracycline, oxytetracycline, tetra 


technique. 


cycline), erythromycin and streptomyeil 
proved to be clearly superior to othe 
antibiotics tested in vitro. 

No difference in resistance was fount 
referable to the species of animal from 
which the strains emanated. 
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Introduction 


The aim of the present investigation is 
to study by means of micturition urethro- 
cystography whether any association be- 
tween nocturnal enuresis and changes in 
the lower urinary tract can be shown, and 
if so, to consider the nature of the relation- 
ship. For this purpose a series of enuretic 
twin children and their partners were se- 
lected for investigation. The effective blad- 


der capacity will also be examined. 

In the present study, nocturnal enuresis 
is defined as repeated involuntary micturi- 
tion during sleep after the fourth year of 
life. The definition does not include cases 
of urinary incontinence caused by any 
gross organic lesion in the urinary tract, 
the nervous system or by systemic dis- 
eases. e.g. ectopic ureters, lesions of the 
spinal cord, diabetes insipidus. When the 
enuretic child had been dry for about one 
year or more and had not begun to wet 


again, the enuresis is referred to as pre- 
enuresis. 


© inions differ as to the causal signi- 
he investigation was carried out with the 
aid ‘a grant from the Swedish Medical Research 
Cor cil. 
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Nocturnal Enuresis in Twins? 
II. Urethro-Cystographic Examinations 


by BERTIL HALLGREN?+, HARRY LARSSON and ULF RUDHE 


ficance of urinary tract disorders in enure- 
sis. Several investigators who have con- 
ducted special examinations of the lower 
urinary tract in enuretics state that they 
have found organic changes of different 
kinds in about half the cases—for referen- 
ces see inter alia Kjellberg, Ericsson & 
Rudhe (6) and Hallgren (4). 

Kjellberg et al. examined a consecutive 
series of 598 enuretic children by urethro- 
cystography during micturition, using a 
specially devised method. They could not 
show any specific organic changes, but found 
changes described as pathological in 21 per 
cent of the children. In 80 per cent of these 
cases, pathological conditions were also ob- 
served by endoscopy, usually in the form of 
trigono-urethritis. The changes were more 
frequent in the group in which nocturnal 
enuresis was complicated with diurnal enure- 
sis. It was particularly emphasized that no 
obvious cause and effect relationship existed 
between such findings and the occurrence 
of enuresis. 

Giertz & Lindblom (2), examining urethro- 
eystographically 11 adult patients with 
nocturnal enuresis, stressed that the poste- 
rior urethra, especially at the level of the 
external sphincter, was particularly wide 
during micturition. 

Some authors have stressed that a propor- 
tion of the children with enuresis have a 
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TABLE 1. Distribution of the material by age, zygosity and sex. 
dian MZ pairs DZ pairs Total 
(years) OO OO Total OO. Total OO OO Total 
7 ] 2 — 2 3 
8 2 J 3 9 2 It 1] é ‘4 
9 l — 7 8 1] 
10 2 I 3 4 ] 5 6 2 8 
11 - ] 2 2 
12 l ] 2 2 
Total 6 5 11 24 5 29 30 10 40 


lower effective bladder capacity than other 
children—cf. inter alia McLellan (7), Stalker 
& Band (10), Nash (8), Vulliamy (12). There 
appear, however, to be no studies with ade- 
quate statistical comparisons between groups 
of enuretics and controls. Poulton & Hinden 
(9) reported a functional bladder capacity 
below the norm in 12 out of 200 (6 per cent) 
children with enuresis. The normal values 
were based on the findings in 18 ‘‘normal”’ 
children. An imperative need to empty the 
bladder when its capacity was reached was 
reported in a proportion of cases by e.g. 
McLellan (7) and Stockwell & Smith (11). On 
the other hand, Kjellberg, Ericsson & Rudhe 
(6) making cystometric investigations did 
not find any specific pathological features. 


Material 


The present cases were selected from a 
representative series of twins consisting of 
91] ef. (5). The present 
material comprises all same-sexed twin pairs 


pairs Hallgren 
in which at least one of the partners suffered 
40 
pairs including 49 affected individuals, the 


from persistent nocturnal enuresis, viz. 


propositi. The distribution of the cases by 
age, zygosity and sex when examined ap- 
pears in Table 1. 

Two pairs originally selected had to be 
excluded, because the X-ray films in, re- 
spectively, one and both partners were not of 
good enough quality to permit a detailed 
scrutiny. 

A third pair was excluded because the 


twin who wetted had a hypospadia with 
pronounced stenosis of the external meatus. 
He did not cease to wet after meatotomy, 
but for practical reasons a new roentzeno- 
logical examination of both twins cold not be 
arranged. 

Finally, 7 pairs (13 per cent) had to be 
excluded because, for various reasons. the 
mother was not willing to cooperate in the 
urethro-cystographic examination. The com- 
prehensive case histories that were available 
do not indicate that these pairs represent a 
selection in respect of any relevant factors. 

When making intra-pair 
those 9 pairs in which both partners were 


comparisons, 


propositi, were excluded. Such comparisons 
are thus made on the basis of 31 pairs. In 6 
of these pairs the twin partner of the propo- 
situs had a previous nocturnal enuresis. 

The enuresis was primary in all but two 
cases, 7.e. the child had no dry period before 
the age of 4 lasting continuously for approxi- 
mately one year or more. A further three 
cases had a dry period after the age of 4. 
In 12 cases nocturnal enuresis was com:pli- 
cated with diurnal enuresis. The majority 
of the propositi, 43 out of 49 (88 per cent), 
had wetted once a night or more during a 
long period. The other propositi had we ted 
on an average once or several times a w-ek. 
At the time of examination 18 cases we ted 
almost once a night or more. 

The advantages of investigating a twin 
ns, 
portunities of studying the effect of 1 on- 


series are obvious. Monozygotie (MZ) tv 
being genetically identical, offer unique 
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NOCTURNAL ENURESIS IN TWINS. II 


veneti: factors. Unfortunately, as regards 
nocturnal enuresis the degree of concordance 
isso high that it is difficult to obtain a suffi- 
ciently large series of discordant monozygo- 
tie twin pairs for statistical analysis. How- 
ever, dizygotic (DZ) twins also are well 
adapted to intra-pair comparisons, since 
certain fundamental non-genetic factors can 
be kept under control, e.g. age and environ- 
mental factors both within and outside the 


family. 
Methods 


The subjects were examined by urethro- 
cystography during micturition by the me- 
thods described by Kjellberg et al. (6). Both 
twins in a pair were examined on the same 
day, 30 of them at the Roentgenological 
Department, Paediatric Clinic, Karolinska 
Sjukhuset, Stockholm, and 10 at the Roent- 
genological Department, Children’s Hospital, 
Gothenburg. The former subjects, propositi 
as well as partners, were admitted to the 
paediatric clinic as in-patients in connection 
with the examinations; the subjects from 
Gothenburg were examined as out-patients. 
All films were finally scrutinized by the same 
investigator (U.R.), who did not know which 
of the twin partners was enuretic. 

The bladder capacity was tested only on 
the subjects investigated at the Karolinska 
Sjukhuset. It was determined as the volume 
of contrast medium (non-irritant barium 
suspension) that the children could tolerate, 
the was in the 
bladder. This means the effective bladder 
capacity during an environmental strain 


when medium injected 


which is equal for both partners. 

Cystometric investigations may give addi- 
tional! information. Such a procedure was, 
however, difficult to carry out for practical 
reasons, as the examinations had to be made 
as a part of the routine examinations of the 
roent senological department. Since the effec- 
tive bladder capacity was considered to be 
of most interest for the present study, we 
refra'ned from cystometry. 

T. ¢ determination of zygosity was made on 
the vasis of anthropological criteria, blood- 


and taste ability—cf. Hallgren (5). 
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In the statistical analysis! the following 
methods were employed. (For further details 
cf. e.g. Dixon & Massey (1).) 

When testing the hypothesis that a num- 
ber of samples are taken from a homoge- 
neous population, and when testing the 
agreement between an observed and an 
expected distribution, we used the  7-test. 
Where the number of subjects in any of the 
groups to be compared is less than 10, we 
have refrained from making statistical ana- 
lyses. 

The standard error of the mean of the 
differences between paired observations, &4, 
was obtained with the formula 

Ed 


n 
where o is the standard deviation, and 7 is 
the number of pairs of observations. 
The standard deviation, o, was caleulated 
from the formula 


- d)2 
= 


where (d-d) is the deviation of a difference 
from the mean of the differences, and 7 is 
the number of pairs of observations. 

When making intra-pair comparisons with 
regard to the occurrence of a certain quality 
a sign-test was cf. Dixon & Massey 
(1957; Table 10a, p. 417). Only those pairs 
were considered in which there was an intra- 


used 


pair difference in respect of the quality. 

A difference is considered 
significant * if 0.01 <p < 0.05 
significant ** if 0.001 <p ~ 0.01 
significant *** if p — 0.001 

Unfortunately the number of monozygo- 
tic twins was too small for separate statistical 
analyses. Therefore, monozygotic and dizy- 
gotic twins were considered together in the 
is of the indi- 


calculations. A separate analys 
vidual monozygotic pairs was also made. 

1 Mr Staffan Ekblom, B.Sc., of the Statistical 
Research Group of the University of Stockholm, 
rendered us valuable help in the statistical 


treatment of the material. 
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TABLE 2. Urethro-cystographic deviations in the lower urinary tract in twins wth ay 
without persistent nocturnal enuresis; distribution by zygosity and sex. 
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Propositus Partner 
MZ DZ Total MZ DZ 
Deviation O Total O Total O Total O Total O Total 
Deficient relaxation of external } 
sphincter 4 4 i 2 i 6 | I l 
Deficient widening of bladder 
neck 2 2 2 2 
Transverse fold in posterior 
urethra . 2 2 2 -— - 
Minimal reflux to ureter 2 2 | ] 
Total: With deviation 1 4 5 6 2 a ®& - ] l 3 — 3 3 
Without deviation 4&2 41 5 21 8 36 4 1 5 19 3 22 
Total 46 26 7 34 15 49 6 22 3 26 
Results their partners, 4 out of 31 (13 per cent) 


Urethro-cystographic examinations 

Severely pathological changes were not 
found in any subject. In the urethro- 
cystographic examinations, interest was 
focused on (1) deviations of a functional 
or anatomical nature disclosed during mic- 
turition, (2) width of urethra, particularly 
the posterior part (3) effective capacity of 
the bladder 

The observed deviations consisted of a) 
deficient relaxation of the external sphincter 
during micturition with some dilatation of 
the urethra above this area, b) deficient 
widening of the bladder neck, c) the pre- 
sence of a non-obstructive transverse fold 
in the posterior urethra at the level of the 
verumontanum, d) ureteral reflux (only 
intramurally of the bladder). 

The occurrence of the different deviations 
is shown in Table 2. The frequency of 
deviations is approximately twice as high 
in the group of cases with persistent noc- 
turnal enuresis, 7.e. the propositi, 13 out of 


49 (27 per cent), than in the group of 


The difference is, however, not. statisti. 
cally significant. 

There is no significant sex difference in 
respect of the frequency of deviations, i! 
the group of propositi the figures being 7 
out of 34 and 6 out of 15, respectively, in 
that of partners 3 out of 26 and one out 


of 5. The number of observations is, how- 
ever, small. 
In the frequency of deviations there is 
fairly good agreement between the group 
of MZ twins and the group of DZ twins. 


“Pathological changes” are reported to 
be more frequent when nocturnal enuresis } 
is complicated with diurnal enuresis. 4 
comparison was, therefore, also made be- | 
tween the group of cases with persistent | 
nocturnal and diurnal enuresis and the | 
group of cases with persistent nocturnal i 
enuresis only. No significant difference 
between the groups emerged, the _fre- 
quencies being 5 out of 12 and 8 out o! 37, 
respectively. Again, however, the nur iber 


of observations is small. 
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TarLi. 3. Intra-pair differences between twins with persistent nocturnal enuresis and their 
partners in deviations of the lower urinary tract. 


MZ DZ Total 
Propositus Partner Total O Total Total 
Deviation No deviation 1 | 2 I 3 3 ] 4 
No deviation Deviation - l 
No deviation No deviation o 4 17 2 19 20 3 23 
Total 4 2 6 22 3 25 26 d 31 


In order to make use of the advantage 
of the series being a twin sample an intra- 
pair comparison was made. Since the 
number of observations is comparatively 
small, the deviations were registered with- 
out regard to type of change. It can be 
seen from Table 3 that in 5 pairs one of 
the twins had a deviation, the other not. 
In 4 out of these 5 cases the twin showing 
deviation was the propositus. The number 
of observations is too small to permit a 
statistical analysis. 

The monozygotic twins were discordant 
in respect of deviations in three instances. 


In two cases, one of them being a propo- 
situs, the deviation in question was ureteral 
reflux. One of the cases with reflux voided 
very frequently during the day, the other 
was suspected of having had an infection of 
the lower urinary tract at the age of two. No 
other somatic factors of possible importance 
were found. One of the cases was considered 
to be emotionally somewhat less stable than 
his partner, the other to be more stable than 
his partner, but the differences were small. 
None of them had nervous problems. 

In the third case, a proposita, the devia- 
tion in question was deficient relaxation of 
the external sphincter during micturition. 
This 


had 


irl, as well as her twin sister who also 


ersistent nocturnal enuresis, wetted 


very ‘requently during the day. No somatic 
disea-es of possible importance were found. 


The 


irl with deficient relaxation was con- 


sidered to be somewhat less stable than her 
partner, but had no nervous problems. 


Width of urethra during micturition 


By making intra-pair comparisons we 
could avoid the subjective decision of what 
is and what is not pathological in respect 
of the width of the urethra, i.e. its poste- 
rior portion and particularly at the level 
of external sphincter, during micturition. 

It appears from Table 4 that an intra- 
pair difference in the width of the posterior 
10 


instances, in 6 of which the propositus had 


urethra was considered to exist in 


the greater width. The distribution agrees 
rather well with that to be expected if 
there were no relationship between the 
calibre of the posterior urethra during 


micturition and nocturnal enuresis. 


In 5 monozygotic pairs there was an 
intra-pair difference in the width of the 
posterior urethra during micturition: in 
three of these pairs both twins were proposit1; 
in the two other pairs the twin who did not 
wet had the wider urethra during micturi- 
tion. 

Disease of the urinary tract, vz. a eysto- 
pyelitis at the age of 7 (two years before the 
present examination), occurred in one case, 
who had a greater width than her twin 
sister. Diurnal frequency of micturition and 
urgency occurred in two pairs, both partners 


in each pair having the same micturition 
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TABLE 4. Intra-pair differences between twins with persistent nocturnal enuresis ani! thei 
partners in the width of the posterior urethra. 


Width of posterier Dz Total 
urethra [ O Total ‘Total O Total 
Wider in propositus - 6 6 6 - 6 
Wider in partner 2 l l 
No difference 4 2 4 15 “4 17 LZ 4 21 
Total 4 2 6 22 3 25 26 > st 


TABLE 5. Intra-pair differences between twins with persistent nocturnal enuresis and thei) 
partners in the width of the urethra at the level of the external sphincter. 


MZ DZ Total 
Width of urethra O Total oO O Total O Total 
Wider in propositus 2 2 4 l 3) 6 l f 
Wider in partner - 10 l 1] 10 ] 11 
No difference 2 4 4 8 l 9 10 3 13 
Total 4 2 6 22 3 25 26 5 31 


TABLE 6. Mean width of urethra and intra-pair differences in the width between twin 
with persistent nocturnal enuresis and their partners. 


Number of 


Mean width of 


Twin pairs of sancti Mean of 
pair observations Propositus Partner differences 
[ 6.25 7.13 - 
MZ O 2 4.50 4.25 - 
O 6 5.67 6.17 : 
[ 22 6.86 6.16 — 
DZ O 3 6.83 
O 25 6.86 6.28 
] 26 6.31 
Total O 5 5.90 6.00 — 
O 31 6.63 6.26 0.371 + 0.251 


symptoms of approximately the same _ in- 
tensity. 

An intra-pair difference in the width of 
the urethra at the level of the external 
sphincter was found in 18 instances, in 7 
of which the propositus had the greater 


width—cf. Table 5. The distribution does 


not differ significantly from that to be ex- | 
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pected if there were no relationship be- , part 


tween nocturnal enuresis and widt' of 


urethra. 
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‘thei } Table 7. Intra-pair differences between twins with persistent nocturnal enuresis and their 
partners in bladder capacity. 
MZ DZ Total 
Bladder capacity Total O O Total O Total 
Smaller in propositus 1 l 2 8 l 9 9 2 1] 
Smaller in partner 5 - 5 5 5 
) No difference 2 l 3 5 5 7 l 8 
Total 3 2 5 18 l 19 21 3 24 
thei} TABLE 8. Mean bladder capacity and intra-pair differences in the capacity between twins 
with persistent nocturnal enuresis and their partners. 
Number of 
Twin pairs of Mean of 
pair observations Propositus Partner differences 
oO 3 200 217 
MZ O 2 145 170 _ 
BESS, 5 178 198 — 
go 18 213 219 
DZ O 1 150 200 
19 210 218 
O 21 211 218 — 
Total O 3 147 180 — 
© 24 203 213.5 10.4 + 8.2 


In respect of the width at the level of 
the external sphincter, there is a rather 
good agreement between the group of twins 
| with persistent nocturnal enuresis and that 
of others — cf. Table 6. 


Bladder capacity 
The intra-pair comparison in respect of 
the effective bladder capacity appears in 
| Table 7. The bladder capacity was smaller 
ex- | inthe propositus in 11 instances and in the 

partner in 5. 

of T!e observed distribution does not 
diffe significantly from that to be ex- 
to | Dect-d if there were no association be- 
twecn nocturnal enuresis and_ bladder 


cap: city. 


A difference in capacity is considered to 
exist when it amounts to 20 ml or more. 


There is no significant difference in 
respect of the mean of differences between 
the group of twins with persistent noctur- 
nal enuresis and that of others—cf. Table 
8. The mean capacity in the two groups 
agrees fairly well. 


There was a difference (between 50—90 ml) 
in the bladder capacity in 4 monozygotic 
pairs, in two of which both partners having 
persistent nocturnal enuresis. In none of the 
cases was there any noticeable difference 
between the pairs in respect of emotional 
stability or micturition symptoms. Nor was 
there in any case information on diseases of 


the lower urinary tract. 
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TABLE 9. Intra-pair differences between twins with persistent nocturnal enuresis an! thi} pono 
partners in the occurrence of spina bifida occulta. twin: 
two 
MZ DZ Total 
Propositus Partner Total © Total Tot 
Spina bifida Spina bifida l - ] 2 — 2 3 3 I 
Spina bifida No spina bifida I l 3 3 q 4 - 
No spina bifida Spina bifida 4 l 3 4 ] 5 ) thoge 
No spina bifida No spina bifida 2 2 4 13 2 15 15 4 19 
meth 
Total 4 2 6 22 3 25 26 ) 31 
tages 
vesti; 
facto 
In the calculations certain possible partners. Hence, the occurrence of 7 hasec 
biases in the interpretation of the urethro- in the lower urinary tract, micturition Fj yin 
symptoms and psychiatric symptoms coull 
cystographic findings were considered. 
be disregarded in the calculations wit! 
A priori, the observed deviations in the — regard to enuresis. am 
lower urinary tract as well as the width of Furthermore, if there is any association | whet 
the urethra during micturition and bladder — between enuresis,on the one hand, and devia- | twee 
capacity may be connected with previous or — tions in the lower urinary tract, width of th b as re 
present lesions in lower urinary tract—in the urethra or bladder capacity, on the other 2 
present series only infections occurred, e.g. hand, it is possible that cases with a previous " 
cystopyelitis—with certain micturitionsymp- enuresis may disclose persistent pathological 
toms, viz. diurnal frequency of micturition conditions. If such were the case, this would | influ 
(pollakisuria), urgeney or with nervous ten- affect the result of the comparisons. How: |) mon: 
sion during the examination. The possible — ever, the result is not changed if the 6 cases eine 
AC 
influence on the results of the calculations with previous nocturnal enuresis are ey: hild 
in respect of enuresis of these biases was cluded from the calculations. Therefore, in 


tested in the following way. The frequency 
of deviations found on urethro-cystography, 
the frequencies of cases with wider urethra 
and smaller bladder capacity than the part- 
ner in the respective groups of children with 
lower urinary-tract infections, psychiatric 
problems (‘‘problem children”; cf. Hallgren 
(3)) and micturition symptoms were com- 
pared with the corresponding frequencies in 
the groups of children without urinary tract 
infections, psychiatric problems and mictu- 
rition symptoms respectively. It emerged 
from the calculations that the above fre- 
quencies agreed rather well in the groups 
that were compared. Nor were there any 
significant differences in the frequencies be- 
tween the group of twins which were con- 
sidered by their mothers to be emotionally 
less stable than the respective co-twins and 


the group of the emotionally more stable 


Sing 
the calculations these 6 cases have been f Inc 


included in the group of non-enuretics. were 


calet 

Spina bifida occulta anal 

The roentgenological examination also | drav 
permitted a registration of the occurrence | exte 


of spina bifida occulta in the lower lumbar f chile 


and the sacral regions. This anomaly.| — 1! 
located in L,; or/and 8, and 8,, was found | sign 
in 9 out of 49 propositi and in 8 out of 31 | enu 


of their partners. The difference is not | the 


significant. The intra-pair comparison 


shows that in 9 pairs only one of the twins — sign 
had spina bifida — cf. Table 9. In 4 cises | twee 
it was the propositus, in 5 the partne”. anat 

From the genetic point of view it is of  urin 
some interest to note that of the tl ree blac 
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monozygotic pairs in which one or both 
twin-partners had spina bifida occulta, 
two were discordant in respect of this sign. 


Discussion 


In considerations of aetiology and pa- 
thogenesis of enuresis, the twin-research 
method offers some fundamentaladv an- 
tages, in as much as it enables the in- 
vestigator to keep some important relevant 
factors under control. The present study is 
hased on a randomly selected series of 
twin children with nocturnal enuresis, 
using the twin partners as controls. The 
aim of the investigation was to ascertain 
whether there was any relationship be- 
tween disorders of the lower urinary tract 
as revealed by micturition urethro-cysto- 
graphy and the occurrence of nocturnal 
enuresis. In order to avoid prejudicing 
influences in assessing the findings de- 
monstrated by urethrocystography, the 
examiner was not informed whether the 
child was affected with enuresis or not. 
Since, in addition, possible biasing factors 
were especially taken into account in the 
considered that the 


analysis enables certain conclusions to be 


calculations, it is 


drawn which are presumably to some 
extent generally applicable to enuretic 
children. 

The analysis has failed to reveal any 
significant associations between nocturnal 
enuresis, on the one hand, and the width of 
the urethra or the effective capacity of the 
bladder, on the other hand. Nor could any 
significant relationship be estabiished be- 
twee) enuresis and minor functional or 
anatc nical derangements of the lower 
urina y tract, i.e. deficient opening of the 
bladcor neck or the external sphincter 
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or the presence of a non-obstructive trans- 
verse fold in the posterior urethra. More- 
over, severely pathological changes in the 
lower urinary tract were not found in any 
case. Thus, the result does not provide any 
support to the assumption of some pre- 
vious authors of such relationships to 
exist. Previous studies, however, are not 
based on adequately controlled series. On 
the other hand, the frequency of minor 
deviations in the lower urinary tract is, in 
the present series, higher, though not signi- 
ficantly, in the group of twins with per- 
the 


group of their partners. It is, therefore. 


sistent nocturnal enuresis than in 
possible that a larger series would reveal 
a significant relationship between such 
The 


present study, however, indicates that 


deviations and nocturnal enuresis. 
such a relationship, if it exists, is not 
strong, at least as far as children are con- 


cerned. 


Summary 


1. A study by means of micturition 


urethro-cystography of changes in the 


lower urinary tract and of the effective 
bladder 
turnal enuresis was performed on the basis 


‘apacity in children with noc- 


of a randomly selected twin series. The 
material comprised 40 same-sexed twin 
pairs in which at least one of the partners 
suffered from persistent nocturnal enu- 
resis, i.e. 49 affected twins and 31 unaf- 
fected partners who were used as controls. 

2. Only minor deviations in the lower 
urinary tract were found. The investiga- 
tion failed to show any significant rela- 
tionship between such deviations and noc- 


turnal enuresis. 


Tot 
4 
31 
also 
nee 
ibar 
aly, 
ind | 
f $1 | 
not } 
son 
ins 
a | 
ree 


of 


126 


be 


de 


. GIERTZ, 


Re 


Accepted July 1, 1960 


3. There seems to be no relationship 
tween nocturnal enuresis and the width 
the posterior urethra during micturition. 
4. The statistical analysis indicates that 


there is no difference in the effective blad- 


r capacity between children with per- 


B. HALLGREN ET AL. 


sistent nocturnal enuresis and othe ° chil. 
dren. 

5. There seems to be no significan: rela. 
tionship between nocturnal enuresis and 
the occurrence of spina bifida occulta iy 


the lower lumbar and sacral regions. 
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eports in the literature on the require- 
ments and excretion of vitamin B,, B, 
and C in premature and full-term newborn 
infants are contradictory to some extent. 
The purpose of this investigation was to 
study the excretion of these vitamins in 
the urine of premature and newborn in- 
fants. and, in the latter group, to compare 
it with the infants’ general health and the 
mothers’ pre-confinement state. 


Material and Methods 


The daily urine output of 15 premature 
and 24 newborn full-term infants was col- 
lected on three consecutive days by the 


Coloplast bag method. Daily studies were 
done on urine samples which were acidified 
and kept in darkness. Because of technical 
difficulties in collecting urine samples, all 
infants were boys. The urine samples were 
taken on the three first days of life at the 
Maternity Hospital.2 Other specimens were 
obtained from the Department for Prema- 
ture infants. At the time of investigation, 
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The Vitamin B,, B, and C Content in Urine of Premature 
and Fullterm Newborn Infants 


by M. DAHL, T. MARKKANEN! and T. VANHA-PERTTULA 


the premature infants were 3-84 days old 
and weighed under 2400 g. All required 
treatment for prematurity. These infants 
were given a diet of human milk, sugar and 
water, until their weight reached approxi- 
mately 2100 g. After that, the diet was 
gradually changed to a formula consisting of 
3 ecow’s milk and 4 water, with 2% wheat 
flour and 5 % sugar. From the age of 3 weeks, 
the premature infants received 25 mg/day 
of vitamin C, and from the age of 4 weeks, 
2 drops of Jekovit (1 drop contains approxi- 
mately 550 I.U. vitamin A, and approxi- 
mately 700 I.U. vitamin D) twice daily. The 
micro-biological analyses of thiamine in the 
urine samples were performed according to 
Sarett & Cheldelin’s method (22), and the 
riboflavin analyses according to Snell & 
Strong’s method (29). For chemical deter- 
mination of ascorbic acid, the method of 
Schaffert & Kingsley (23) was followed. 


Results 

The results are presented in Tables | 
and 2. 

In premature infants aged less than 3 
weeks, the average vitamin C excretion 
was 1,78 mg per cent. In those over 3 
weeks receiving 25 mg/day of vitamin C, 
the average excretion was 1.16 mg _ per 


cent. 
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TABLE I. 
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Vitamin B,. vitamin B, and vitamin C excretion in premature infants, 


Vitamin B, excretion 


Vitamin B, excretion Vitamin C exc :etion 


in in v% in mg‘ 
Age” Weight 
in in l. of 3. Av- 2: 3. Av- 
Case days grams day day day erage day day day erage day day day erag 
3- 5 2400 00 — 6.0 1.35 1.25 1.30 
2 4-— 6 2900 | ] l l 0.0 11.0 18.0 9.7 2.60 8.65 1.35 4. 
3 5- 7 1800 | <1 0.0 0.0 16.0 5.3 — 0.75 0.98 0.87 
4 7-9 1600 l <1 l l 317.0 200 3:25: 2530 1.28 194 
9-1] 1500 l l 0.0 0.0 0.0 0.0 1.65 0.20 0.50 0.78 
6 12-14 2200 l I I | 5.0 0.0 0.0 17 4.90 1.45 1.55 2.63 
7 14-16 1500 <1 | l 0.0 0.0 0.0 0.0 = — 0.77 0.75 
8 21-23 2100 <] l 22.0 35.0 — 28.5 190 — 1,90) 
9 29-31 2100 1 l I I 120 12.0 120 12.0 4.95 2:25 1.05 24 
=32-34 1900 l <1 25.0 25.0 11.0 20.3 0.00 0.10 1.75 0.62 
32-34 2000 l 22.0 15.0 35.0 20.7 0.75 1.90 1.33 
12. 36-38 2100 l <2 52.0 52.0 52.0 52.0 0.05 0.60 0.25 0.30 
13. 40-42 2200 7.0 4.0 4.0 D. 25.0 30.0 25.0 26.7 0.45 0.55 1.60 O87 
14 41-43 1800 <i 60.0 52.0 68.0 69.0 0.55 0.00 1.05 0.53 
15 82-84 2100 l 5.0 0.0 150 6.7 0.67 2.05 1.36 
l 17.4 1.45 
4.7 0.79 
* The age of the premature infant during the investigation. (Example: In case 10, the prematur 


infant was 32 days old on day 1, 33 days old on day 2 and 34 days old on day 3.) 


The general condition of the mothers at 
the time of delivery was good or moderat- 
ely good. A corresponding comparison 
with the premature infants was not pos- 
sible, as they were usually born elsewhere, 
of the 
therefore often limited. 


and records mother’s condition 


Discussion 


Vitamins B and C play a significant role 
in the development of the fetus. In 


experimental work with animals, diets 
low in vitamin B have been observed to 
cause multiple deformities in the fetus 
(15, 16, 36). In premature and newborn 
full-term infants, vitamins B and C are 
also important in the metabolic processes 
of the organism (10, 19). 


The vitamin depots of the newborn are 


definitely dependant on the diet and 
nutritional condition of the mothers dur: 
ing pregnancy (6). The placenta conveys 
vitamins B and C from the mother’s |)lood 
to the fetus, but evidently their trans. 
portation in the opposite direction is pre- 


vented (12, 13, 27). A resulting vitamin 


deficiency is not very common in the new: | 


born. Among deficiency conditions in this 
fre- 


quent and numerous reports on its 0c: 


period, infantile beriberi is the most 


currence have been published (31, 32. 34. 


35). In Finland, vitamin B deficiencies are 
rare owing to the present-day diet. l the 
United States, lack of vitamin B, (27) has 
been described in mothers under 20 \ ears 
of age due to their somewhat one-ided 
diet (30). The vitamin B equilibrium may 


ess. 


also be highly disturbed during il! 
The nutritional state of the mother. in- 


y 


vitamin B, and vitamin C excretion in newborn infants. 


Vitamin B,, 
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cluded in this study was good, and the 
congenital vitamin B and C depots may 
therefore by considered to represent a 
normal level. 

The vitamin B and C excretion in the 
urine is generally thought to be a good 
index of the nutritional status. Low values 
are said to indicate insufficient administra- 
tion of vitamin or abnormally high con- 
sumption (14). 


Reports on the vitamin B requirement of 
the premature and newborn infants are 
somewhat contradictory. According to Bar- 
tam (Nelson (17)), the newborn requires 
0.4 mg/day of vitamin B, and 0.6 mg/day 
of vitamin B,; these requirements increase 
rapidly in the first months of life. Evidently 
premature infants, according to Dunham (4), 
need larger amounts of vitamin B than do 
other newborn infants. On the other hand, 
Anderson (1) takes a neutral position on this 
question and says that feeding of vitamins B 
even to premature infants is not injurious. 
Dean & Holman (3) subjected two infants to 
preponderance tests. On the basis of their 
results, they considered the vitamin values 
to be entirely too high. In 1959, Smith (28) 
expressed this same opinion. According to 
the Food and Nutrition Board (1958), breast 
fed infants do not need additional vitamins 
during the first month of life. From the sec- 
ond month onward, the requirement of 
vitamin B, is 0.4 mg/day and that of vitamin 
B, 0.5 mg/day (5). Deficiencies of vitamin C 
in the diet of premature infants and bottle 
fed full-term infants is a generally accepted 
observation (24, 25, 26). Smith (28) advises 
administration of 25 mg/day of vitamin C to 
premature and bottle fed full-term infants, 
beginning with the second or third week of 
life. The Food and Nutrition Board recom- 
mends 30 mg/day of vitamin C for infants 
from the second month onward (5). 


Even under favourable conditions, the 
vitamin B, and B, depots are compara- 


tively small in the newborn. 
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Slobody et al. (27) state that in th: blood f deliver 
of newborn infants, the average vita:nin B b (ase | 
level was 12y per cent. After 5 davs, the 


B, eX 
average value was only 9.6» per cent, B, 
Neuweiler’s (18) observations show tliat the howev 


temporary excess disappears in the firs frelatio 
days of life, after which the excretion off} m: 
vitamins B, and B, is extremely low. In his 


nancy, 
textbook, Brock (2) writes that during the} we 
first days of life, the excretion of vitamin : 
the int 


B, may reach 13y per cent, vitamin B, 
per cent, and vitamin C_ 1.5-10,) Com 
mg/day. Later, infants excrete 5-30 per} investi 
cent vitamin B,, 0.2-29.0 per cent vitamin} cally 
B, and up to 100 mg/day vitamin C. Accord. ; 
ing to Hamil (7), the average vitamin B 
excretion in the urine during the sevent! 
day of life is 0» per cent, and vitamin B,,} Cases 
2v per cent. Knott (8) states that 7-22$ toms « 
week old infants excrete 3 per cent oi agree 


in pre 
and w 


vitamin B, in four hours, and the excretior 
of breast fed infants is less than that of the 
artificially fed ones. Toverud (32) reports 
that breast fed infants do not excrete any | deficie 
vitamin B, at all. This is understandable a } reason 
the vitamin B, and B, levels in human milf jerjhe 
are lower than in cow’s milk (8, 9, 11, 20, 21, The 
32, 33, 34). In regard to vitamin (C, the 
relationship is the opposite (9). Toverud- 
Stearns—Macy (34) give the following B,, B, with t 
and C levels in human and cow’s milk: P danger 


dies, a 


minosi 


prema 


velop 


Human milk Cow’s milk consid 


_ tween 


Vitamin B, % 427% y 
Vitamin B, 46.9 » % 
Vitamin C 4.4 mg % 1.9 mg ‘ ; low. T 


—— | in 


Dunham (4) states that when suyar is 


added to the milk mixture, the vita:nin B} 

requirement of the organism is raised | 
In this study, the general state of } ealth ¥ 

of the infants’ mothers was good. The | 2. Br 

values for vitamin excretion in bot ex- 

ceptionally stout mothers in good «ondi- | 3. Dr 

tion and of anemic mothers were nc “mal. | 

The vitamin B, excretion of an | :fant 


VITAMIN B,, By AND C CONTENT IN URINE OF NEWBORNS 


131 


of age, despite administration of vitamin 
C, is less than in younger infants, strongly 
supports the necessity of vitamin C ad- 
ministration. 

Values for the excretion of Vitamin B, 
in the urine of newborn full-term infants 
remain high and relatively unchanged in 
the three first days of life. The average 
excretion values correspond to those given 
by Brock (2). The abundant excretion of 
vitamin B, agrees well with Neuweiler’s 
(18) observations. The excretion values 
for vitamin C remain, 
equally high on the first three days of life. 

The weight of the newborn at birth was 
not noted to have any distinct influence 
on the vitamin content in the urine. The 


on an average, 


same observation was made in premature 
infants. 


Summary 


The daily excretion of vitamins B,. B, 
and C was studied in 24 newborn full-term 
infants during the three first days of life. 
and in 15 premature infants on three suc- 
cessive days of treatment. No correlation 
was observed between the mothers’ state 
of health during pregnancy, the number 
of previous births and the presence of 
certain diseases, with the daily excretion 
of vitamin B,, B, and C in the urine of 
newborn full-term infants. 
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Department of Anatomy, University of Melbourne, Australia 


Growth Changes in the Mongoloid Head?! 


by A. F. ROCHE, F. S. SEWARD and S. SUNDERLAND 


There has been a rather lively discussion 
about the form, size and growth of the 
head in mongoloid children (see f.i. Benda 
(4,6)). As a contribution to the study of 
this question this paper, which is con- 
cerned with growth changes involving the 
head in white Australian mongoloids, will 
be presented. 


Material and Methods 


Our findings are based on data obtained 
during a study of 67 male and 81 female 
mongoloids which included 9 male and 15 
female adults (Tables 1, 2 and 3). These 
mongoloids are second generation Austra- 
lians living in Melbourne. 

The maximum head breadth, the maxi- 
mum head length, and the horizontal head 
circumference have been measured according 
to the instructions of Martin & Saller (15). 
All measurements have been recorded to the 
nearest millimetre. 


Findings and Discussion 
1. Maximum head breadth 


(Txbles 1 and 2). Figure 1 records the 


means obtained during this investigation, 
in ac-lition to those of Provis & Ellis (16) 
and Vestropp & Barber (23) for normal 
chilc en. The data of these workers has 
heer selected because the children they 

' iis work was supported by a grant from 
the ) -ntal Health Research Fund. 
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studied were well nourished and were 
racially similar to those included in the 
present study. 
Male mongoloids: The average maxi- 
mum head breadth lies within the normal 
range until the age of about one year after 
which it increases more slowly than in 
normal children until the age of five years. 
Between the ages of five and nine years 
this measurement increases more rapidly, 
though somewhat irregularly, than the 
average for the normal groups so that by 
the ninth year the average maximum 
head breadth is less than 1.0 8.D. below 
the normal average. After this age, how- 
ever, there is no progressive increase as 
groups of older mongoloids are considered, 
whereas a continuing gradual increase is 
apparent in groups of normal children. 
Female mongoloids: The average maxi- 
mum head breadth is equal to that of 
normal females until the age of 0.7 years 
but between this age and 4.5 years there is 
a much less rapid increase in the mongo- 
loid groups, following which the mongo- 
loids increase at a rate similar to that of 
normal children although somewhat. ir- 
regularly. One mongoloid had a maximum 
head breadth markedly in excess of the 
normal average. These findings should be 
compared with those of Benda (4, 5) who 
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TABLE 1. Male mongoloids. 
All measurements are in centimetres. ' 
Horizontal Maximum Maximum Bri idth 
Chronological age head head head length 
years circumference breadth length index 
Mean S.D. Number Mean S.D. Mean S.D. Mean S.D. Mean 
0.1 0.03 2 35.8 1.56 9.9 0.07 12.2 0.57 80.9 ) 
0.5 0.03 3 39.6 1.63 11.2 0.38 12.8 0.70 87.8 
0.7 0.07 6 40.7 1.07 11.8 0.14 13.0 0.57 91.2 
3 0.25 4 43.5 1.21 12.5 0.55 14.2 0.26 89.0 
2.6 0.09 9 45.5 1.33 12.8 0.34 14.8 0.41 86.1 
3.0 0.22 3 44.9 1.01 12.7 0.15 14.8 0.36 85.6 
3.4 0.15 3 45.3 1.74 13.2 0.90 14.3 0.32 91.9 
3.8 0.06 2 45.7 2.26 12.4 0.00 15.8 127 80.8 
4.7 — 44.6 13.2 14.6 — 90.4 
5.3 0.44 6 47.9 1.35 13.6 0.40 15.7 0.65 86.7 
6.7 0.47 5 48.1 1.92 13.4 0.71 15.9 0.45 84.5 
8.7 0.33 2 49.4 1.18 14.0 0.07 16.2 0.21 86.4 
9.5 l 49.8 14.4 16.2 88.9 
11.4 - 51.1 14.6 16.5 88.5 
13.5 0.46 2 50.3 1.97 14.3 1.14 16.6 0.30 86.1 
14.6 | 3 51.2 1.90 14.6 1.00 16.6 0.31 88.3 
15.8 0.01 2 48.5 2.20 14.0 — 16.3 1.38 86.5 
16.6 l 50.5 14.6 16.4 89.0 recc 
17.4 0.32 2 524 1.41 14.4 0.28 17.4 0.21 83.0 
mel 
mal 
TABLE 2. Female mongoloids. J 
All measurements are in centimetres. thar 
rag 
Horizontal Maximum Maximum Breadth ma 
Chronological age head head head length , 
years circumference breadth length index aa 
Mean S.D. Number Mean 8.D. Mean 8.D. Mean 8.D. Mean are 
— for 
0.1 — 2 35.7 0.85 9.8 0.21 11.9 0.28 82.0 
0.3 0.03 2 37.6 0.42 10.8 0.14 12.1 0.42 89.3 
0.5 0.07 3 38.7 1.46 10.9 0.61 12:2 0.48 87.3 | 
0.7 0.17 4 40.7 0.68 i Bey 0.28 13.2 0.17 88.3} 
a 0.32 3 43.1 1.56 11.9 0.30 14.1 0.85 84.4 
1.5 0.15 8 42.6 1.16 2:2 0.65 13.9 0.72 87.7 
2.0 0.21 3 43.0 3.82 12.0 0.72 14.2 0.51 84.7 
2.4 0.09 2 43.2 0.49 12.2 0.14 14.5 0.07 84.4 
3.5 0.07 2 43.1 4.25 12.4 0.07 14.0 0.43 87.9 
5.3 0.37 5 47.3 2.50 3:3 0.64 | 0.84 
7.0 0.44 2 47.0 2.83 13.3 0.07 15.6 1.35 £9 
8.4 0.89 2 47.5 1.76 13.3 0.50 15.9 0.64 & 3.6 
9.3 0.34 2 50.1 0.78 13.0 0.14 16.8 0.14 Vik & 
10.1 - 47.0 15.8 —- 15.6 .3 
11.5 0.53 5 48.0 0.53 13.4 0.37 16.1 0.23 & 3.0 
12.6 0.41 5 48.7 1.32 13.6 0.28 16.2 0.81 E37 
13.6 0.34 4 48.1 3.30 i3.3 0.93 16.1 1.08 6 9 
14.2 0.20 6 49.1 1.58 13.8 0.39 16.5 0.73 t 3.9 
15.3 — ] 51.8 14.6 16.5 
16.1 1 51.7 13.9 16.9 — £°.3 
17.5 0.13 3 49.6 0.86 13.9 0.31 16.4 0.15 £0 
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MAXIMUM HEAD BREADTH IN CM. 


MAXIMUM HEAD BREADTH 
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CHRONOLOGICAL AGE IN YEARS 


Fig. 1. 


recorded a gradual rise in this measure- 
ment in his pooled data for male and fe- 
male mongoloids. 

Male and female mongoloids aged more 
than eighteen years (Table 3). The ave- 
rage values for the males are approxi- 
mately equal to those for normal sixteen- 
year-old boys while those of the females 
are approximately equal to the average 
for normal girls aged thirteen years. 


2. Maximum head length 


(Tables 1 and 2 and Figure 2). During 
the first few months of life there is little 
difference between the average values in 
mongoloid and normal children of both 
sexes. This difference increases, however, 
as progressively older groups are consi- 
dered and reaches a maximum of —3.0 to 
—4.0 8.D. at about the age of five years. 
From this age until eight years the average 
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TABLE 3. Head measurements on individual mongoloids aged more than 18 years 


All measurements are in centimetres. 


Chronological Horizontal Maximum Maximum Breadth 
age head head head length 
years circumference length breadth index 
18.7 M 53.4 17.5 14.6 83.4 
20.0 M 52.4 17.9 14.1 78.8 
21.5 M 50.1 16.9 13.7 81.1 
27.0 M 52.9 17.8 14.6 82.0 
27.1M 53.2 18.2 14.7 80.8 
28.3 M 52.9 17.3 14.7 85.0 
30.5 M 55.4 19.1 14.7 77.0 
33.2 M 53.8 17.9 15.1 84.4 
38.0 M 55.0 17.5 14.2 81.1 
20.5 F 49.8 16.3 13.4 83.3 
21.0 F 53.4 17.6 14.7 83.5 
23.2 F 55.8 19.5 14.7 75.4 
24.1 F 47.9 15.6 13.4 85.9 
26.5 F 50.4 16.7 13.8 82.6 
29.3 F 51.6 16.8 14.4 85.7 
30.8 F 48.9 16.1 13.8 85.7 
31.4 F 47.5 16.0 13.8 
32.0 F 49.1 16.2 13.7 84.6 
32.9 F 50.4 16.7 13.6 81.4 
33.1 F 51.2 16.9 13.8 81.7 
33.5 F 48.6 15.9 13.2 83.0 
34.0 F 48.6 16.4 13.7 83.5 
34.3 F 48.5 15.6 14.0 89.7 
39.5 F 50.9 17.2 13.7 79.7 


M =denotes male; F 


values for both mongoloid and normal 
children increase at similar rates. These 
findings are in agreement with those pre- 
viously reported. 

Male and female mongoloids aged more 
than eighteen years: Few such mongoloids 
had a maximum head length in excess of 
the average for normal eight-year-old 
children (Table 3). However, four males 
and five females had a maximum head 
length within the normal range (+2 S.D.) 
for normal individuals of the same chro- 
nological age. 

Some workers report an accelerated in- 
crease in head length in normal boys at 
about the age of 15 years (Boas (8); Wissler 
(24)), but no such change was observed by 


denotes female. 


Boas & Wissler (9) or by Goldstein (11). 
Such a change was observed in the data 
for males at about the age of 17.4 years 
but because this is not a serial study it 
might indicate that male mongoloids with 
head lengths approaching normal values 
are more likely to survive. 

In normal adults the maximum head 
length is positively correlated with body 
length (Martin & Saller, 15) and the sb ort 
stature of mongoloids might partly exp 
their low maximum head length. 


un 


3. Breadth-length index 
(Tables 1 and 2; Figure 3). For all 
groups except one the average breac ‘h- 
length index is much higher than in nor 
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BREADTH-LENGTH INDEX 
@ 
T 


104 
BREADTH-LENGTH INDEX 
100 
NORMAL MALES 
96+ NORMAL FEMALES 
MONGOLOID FEMALES 
92+ 


1 1 1 1 


° 2 4 6 8 


} children even when due allowance is made 
for the small length of the mongoloid 
cranium. The index in both sexes rises in 
the first few months of life after which 
there are irregular but not progressive 
changes. These are similar to the changes 
reported for normal children (Westropp & 
» Barber, 23). As different age groups of 
mongoloid children are considered, mar- 
ked fluctuations in the index are evident 
which do not obscure the high average 
index in the mongoloid groups. Almost all 
these mongoloid children were brachy- 
cephalic or hyperbrachycephalic except 
for six males and ten females who were 
mesicephalic and one dolichocephalic 
male. The index was equal to or in excess 
of 100 in four individuals. 

} Mule and female mongoloids aged more 


than eighteen years: (Table 3). The adult 
ma! ; have a much lower index than the 
you ger males (t = 3.37; 18 d.f.) but no 
suc. difference is apparent between the 
gro: os of females. 


Fig. 


CHRONOLOGICAL AGE IN YEARS 


3. 


It is difficult to determine why the 
maximum head length shows a greater 
variation from normal than the maximum 
head breadth. Howells (13) considers that 
the growth of the skull tends to be antero- 
posterior and that the growth of the brain 
tends to be transverse. A view that the 
balance between these factors is respon- 
sible for the general form of the cranium, 
would lead us to conclude that in mongo- 
lism the rate of brain growth is more 
nearly normal than the rate of skull 
growth. Such a simplification of the pro- 
blem is difficult to justify. 

The mongoloid cranium becomes ab- 
normal in size and form during the first 
four years of life when the brain is growing 
rapidly and before the time of maximum 
muscular growth. This suggests that cere- 
bral influences may be responsible for its 
abnormality. Mongoloid children are more 
brachycephalic than normal children dur- 
ing periods when neither are able to sup- 
port their heads and consequently in- 
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Fig. 4. 


creased external occipital pressure cannot 
be wholly responsible for their brachy- 
cephaly. 


4. Horizontal head circumference 


(Tables 1, 2 and 3 and Figure 4). In 
both sexes the average circumferences 
follow normal levels until the age of one 
year. From then until the fifth year they 
become progressively lower than those for 
normal children of corresponding age. 
After this the rate of increase is approxi- 
mately the same in the normal and mongo- 
loid groups. Beyond 18 years the majority 
had a head circumference close to the ave- 
rage for normal children aged 7 to 8 years. 
These findings are in agreement with those 
reported by Benda (5). Contrary to the 
findings of Talbot (20), there were eight 
and 
adults, with a horizontal head circumfe- 


males six females, some of them 


rence within the normal range. 


Comment 


It is clear that there are major varia- 
tions from normal in the morphology of 
the mongoloid head. The etiology of these 


departures from normal must be con- 
sidered in relation to the normal mecha- 
nism of head growth and the factors 
influencing them. The observed varia- 
tions may result from (a) retarded but 
otherwise normal growth, (b) an imbalance 
between normal growth processes, or (c) 
abnormal growth processes. This study 
has shown that at no stage can the head 
form be considered equivalent to that ofa 
younger normal child. 

There is experimental and clinical ev- 
idence that endocrine factors influence the 
morphology of the cranium. The cranial 
changes in cretins and in animals following 
thyroidectomy (Lusted ef al. (14) among 
others) resemble those observed in mongo- 
nee 


loids except that the head circumfer 
of the latter is small proportional to b 
size. 

Benda (1956) 
function is depressed in the mong« 


claims that pitui’ 


infant. This view is supported by s: 
experimental evidence (See 1, 2,3, 10 
21). In addition, hyperpituitarism in | 
dren is associated with increased cr: 
thickness and enlargement of superci! iry 
arches and frontal sinuses (27) whic. is 
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GROWTH CHANGES IN THE MONGOLOID HEAD 


the reverse of what is common in mongo- 
lism (4, 5, 17, 18). Such findings concerning 
thyroid and pituitary function are sugges- 
tive but they do not provide a complete 
understanding of mongolism. Other fac- 
tors ¢.g. genetic ones cannot be excluded 
hut a consideration of them is beyond the 
scope of this paper. 


Summary 


1. The growth of the head has been in- 
vestigated in 148 white Australian mongo- 


loids. 


2. The maximum head breadth was 
within the normal range (+ 2 8.D.) over 
approximately the first year. In compari- 
son with normal children, the increase for 
males was then less rapid until the age of 
five years, more rapid until the age of 
nine years, after which no continuing in- 
crease was observed. In the female group, 
the changes were similar except for a 
slight increase throughout the period 
studied. 

3. During first few months of life the 
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maximum head length was almost normal. 
It then increased much more slowly than 
in normal children until about the age of 
five years after which both groups showed 
approximately equal rates of increase. 

4. The breadth-length index increased 
rapidly during the first few months of life 
to become much higher than in normal 
children, but variable. Most mongoloids 
are brachycephalic or hyperbrachycepha- 
lic, but examples of mesocephaly and do- 
lichocephaly were observed. 

5. The head circumference 
was normal until about the age of one year, 
but between this and the fifth year it in- 
creased more slowly than in normal chil- 
dren after which the rate of increase was 
approximately the same. 
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Bone Marrow Aplasia in Childhood Leukaemia 


by ERNEST GLUCK and JON LAMVIK 


Hyperplasia of certain elements of the 
bone marrow and leukaemic infiltrations in 
the parenchymatous organs form the 
pathologico-anatomical basis of leukaemia 
and are the usual findings on post-mortem 
investigation. Occasional cases in which 
these findings are absent at post-mortem 
have been reported previously. Kirsh- 
baum & Preuss (5) found that 14 out of 
123 patients dying of leukaemia had a 
“fatty marrow’ at post-mortem. Since the 
antimetabolite drugs have been used in 


marrow hypoplasia or aplasia (3, 7, 8, 9, 
11), in some eases as a reversible phenom- 
enon during treatment (8). It has been 
stated that the hypoplasia of the bone 
marrow can be a toxic effect of the prep- 
aration used (1, 6, 11). We have not 
been able to find any reports of terminal 
aplasia of the bone marrow in children 


with leukaemia. 

Between 1950 and 1959 inclusive, 28 
children with clinical diagnoses of leukaemia 
made on the basis of the usual clinical and 


the treatment of leukaemia, several haematological criteria were autopsied at the 
authors have published reports of bone Gade Institute. The bone marrow was 
TABLE 1. The haematological and post-mortem findings in six cases of leukaemia with 
hypoplastic or aplastic marrow. 
Initial haemato- Terminal haemato- Post-mortem 
logical findings logical findings findings 

§ 22 te & § £8 

< AS SE as BS aes 
l 13 39 142 93 0 97 9.7 32 296 Aplastic Meninges 

2 12 28 31 99 495 100 0.8 88 9 Hypoplastic Absent 

3 2 42 14 83 30 96" 1.6 100 0 Aplastic Absent 

4 2 58 12 84 3 707 2.3 100 0 Hypoplastic Absent 

i) 14 34 3 73 2 56 2.6 81 0 Aplastic Absent 

6 6 76 34087 20 Hypoplastic? Absent 
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3 Case 1. H. J. 13 yrs. Case 2. K. D. 12 yrs. 
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- © 
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os 
$ 
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6 
2 8 : Cortisone 1300 mg Cortisone 2100 mg 
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/ 
4 
\A Ay \ / Mononuclear cells % 
\V \; 
8228 
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2 4 6 8 weeks 6 weeks 
ee F 1050 ml blood 610 ml blood 
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Figs. 1 and 2. Cases 1, 2, 3 and 4: Treatment and variation in the haematological findings in 


course ¢ 


examined microscopically in 21 of these 
,cases, of which six showed hypoplasia or 
aplasia of the bone marrow. Some of the 
clinical, haematological and 
findings in the latter group are shown in 
Table 1 and Figs. 1-3. All the cases were 
because 


post-mortem 


classified as blast-cell leukaemia 


the primitive cell forms were so undiffer- 
Erythro- and thrombocytopenia 


entiated. 


the 
of disease. 


were present in most of the patients at the 


time diagnosis was made. Enlargemen: of 
the liver and spleen was present in all 
except Case 5. 

All patients with a hypoplastic or aple stic 
marrow had been treated with folic : cid 
antagonists, whereas 10 of 15 patients \ ith 


a hyperplastic marrow had been so trea ed. 
In the patients with hypoplastic marrow ‘he 


Fig. 3. 


length 
22 m 
sympt 
the ill 
clinicé 
specti 
gastr« 
vomit 
abdor 


Fig. 


142 


BONE MARROW APLASIA IN CHILDHOOD LEUKAEMIA 143 


> 
<8 Case 5. R.H. 14 yrs. Case 6. S. T. 6 yrs. 
= 8 g Cortisone1775 mg 1600 mg _Prednisolone 1750 mg Cortisone 5070 mg Methylprednisolone 1800 mg 
_—— =? x 3 > 5 
Ei: Amethopterin 192.5 mg 20 mg 40 mg 330. ma 
833 
NS 
Sean” v 
om 
owns 
W.B.C, 
, 2 4 6 g 10 18 weeks 2 4 40 42 1 93 weeks 
5600 ml blood 1650 ml blood 


Fig. 3. Cases 5 and 6: Treatment and variation in the haematological findings in the course of 
disease. 


length of the illness varied from 4 weeks to Case 1 presented a progressive cachexia. 
22 months, reckoning from the onset of A tendency to bleed was one of the com- 
symptoms. In Cases 1 and 6 the course of | monest manifestations. 

the illness was interrupted by one and two 

clinical and haematological remissions, re- 

spectively. Terminal symptoms from the Post-mortem investigation 
gastro-intestinal tract, such as stomatitis, 
vomiting, diarrhoea and persistent diffuse 
abdominal pain were present in all patients. lumbar vertebrae and the diaphysis of the 


— 


Bone marrow examination from the 


Fig. 4. Case 2: Hypoplastic vertebral marrow with scattered primitive reticulum cells. Left: a 
€ group of small mononuclear cells. (H. E. » 460.) 
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Fig. 5. Case 5: Aplastic vertebral marrow. Mainly fat cells with small groups of lymphocyte-like 


cells. (H. E. 


femur was performed in addition to the 
routine macro- and microscopical exami- 
nation of the organs. In some cases the 
sternal marrow was also examined. In 
three children (Cases 1, 3 and 5) both the 


350.) 


spongy vertebral marrow and the marrow 
from the diaphysis was considered to be 
aplastic since it consisted mainly of fat 
with small groups of cells that looked like 
lymphocytes (Fig. 5). In two children 


Fig. 6. Case 6: Megaloblastic marrow from the vertebra. Most of these cells are large, irre; ilar 


Also 


megaloblasts. 


present are erythrocytes showing anisocytosis and some small mononu: ear 


cells. (H. E. x 1300.) 
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Figs. 7a and 7b. Case 6: Microphotograph of the 
right: The testicular tissue at 


(Cases 2 and 4) there were more cells than 
in the previous group and were therefore 
termed hypoplastic (Fig. 4). In Case 6 
the cellularity of the vertebral marrow was 
apparently normal, but the picture was 
dominated by megaloblasts, surrounded 
by some lymphocyte-like cells (Fig. 6). 
In this patient compact infiltrations of 
primitive mononuclear cells were found on 
testiiular biopsy (Fig. 7a). At  post- 
mort-m these infiltrations were no longer 
presnt and the testes were fibrotic (Fig. 
7b). The same patient showed areas in 
both the ilium and the colon where the 
muc us membrane was replaced by a 
cell) ar granulation tissue, which con- 
tain | remnants of metaplastic epithelium 
wit] some syncytial areas. 
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testicle. Left: The biopsy 1 year before death: 


post mortem. (H. E. ~< 350.) 


Leukaemic infiltrations, most frequently 
in the liver, spleen, kidney and lymph 
nodes, were found in all cases with a 
leukaemic bone marrow. In five of the six 
cases with hypoplastic or aplastic marrow 
(Cases 2, 3, 4, 5 and 6) there were no 
Jeukaemic infiltrations in the organs exa- 
mined. One child (Case 1) had an aplastic 
and infiltrates of mono- 


bone marrow 


nuclear cells in the meninges. 


Discussion 
It is evident from this analysis of 21 
cases of clinically proved leukaemia that 
the process was still active when death 
occurred in 15 of the cases, judging by the 
microscopic findings in the bone marrow. 
In the remaining six cases there was a 
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distinct lack of leukaemic cell types in the 
marrow. 

Although there is always some concern 
that the microscopical sections are not 
representative, the lack of leukaemic in- 
filtrations in the organs, together with 
the acellular bone marrow, is a strong 
indication that our bone-marrow samples 
are representative, and are indicative of 
the lack of activity in the leukaemic 
process. 

The toxic effect of folic acid antagonists 
on the bone marrow is first a reduction of 
megakaryocytes followed by a reduction 
in the myeloid and erythropoietic ele- 
ments (11). The myeloid elements are 
reduced more than the erythropoietic. The 
normal relationship between these, 4:1, 
may fall to less than 1:1 (12). Lymphoid 
tissue seems to be less affected. The 
commonest clinical manifestations of toxic 
effect are a tendency to haemorrhages and 
digestive tract symptoms, including sto- 
matitis, glossitis, vomiting, abdominal 
pain and diarrhoea. Ulcers may occur in 
the mucous membranes of the mouth anu 
the intestines (11). Squamous metaplasia 
of the intestinal and bronchial epithelium 
has been seen in children treated with 
folic acid antagonists (13). In the bone 
marrow one may find an increase in the 
number of hypersegmented polymorpho- 
nuclear cells and giant types of meta- 
myelocytes (12), and megaloblasts may 
appear after a long period of treatment 
12). Leukaemic 


with aminopterin (2, 7, 
patients under treatment may have an 
increase in the differentiated granulocytes 
in the peripheral blood, in spite of the 
fact that the patient at the same time 
shows a reduction in the leucocyte count 
(8). The adrenocortical steroids and ACTH 
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which are often used in conjunction with 
the folic acid antagonists may im irov 
the regeneration of the normal m: rroy 
elements (6). As far as we are aware. 
hypoplasia of the bone marrow has: not 
been reported following hormone treat. 
ment alone. 

The haematological changes and the 
post-mortem findings of the aplastic. 
hypoplastic group can be divided into 
several categories. In two of the patients 
(Cases 3 and 4) the bone marrow, in 
spite of a moderate leucocytosis, showed 
low cellularity from the time the diagnosis 
was made, that is, before any treatment 
had been started. Both patients were ? 
years of age. One had had radium treat- 
ment for a haemangioma and the other 
was a mongol, both of which have a 
known relationship to the. occurrence of 
leukaemia. Following the combined treat- 
ment with hormones and folic acid antag. 
onists, a drop in the number of white 
blood cells and thrombocytes occurred 
but there was no haematological remis- 
sion. It is reasonable to believe that the 
process in these patients was aplastic 
from the start and that the treatment may 
possibly have furthered this development. 
It is doubtful whether the folic acid antag- 
onists can give a therapeutic advantage 
in patients in whom the bone marrow 
shows an aplastic tendency primarily 

Two patients in this group (Cases 2 and 
5) had a very cellular bone mavrow 
initially. Folic acid antagonists did not, 
however, give the expected haematole sical 
remission and the primitive cells rem: ined 
itire 
able 


proportionally very high during the « 
illness. In Case 2 there was a conside 
fall in the numbers of leucocytes and 
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antagonists had been given. In this case 
there seemed to be a clear relationship 
between the treatment with folic acid 
antagonists and the haematological chan- 
ges, Case 5 had marked thrombocytopenia 
and leucopenia during the whole course 
of the illness. The effect of the treatment 
I on the development of the aplasia of the 
hone marrow was not directly evident. No 
enlargement of the liver and spleen was 
ever noticed in this patient. 

The last two patients in this group 
(Cases 1 and 6) had haematological remis- 
sions during treatment with folic acid 
antagonists. Case 1 showed the clinical 
signs of steady progression of the illness, 
in spite of normalisation of the heamato- 
logical findings. The illness was charac- 
} terized by severe pains in the extremities. 
A cachectic condition later developed with 
terminal stupor and coma. In spite of 
considerable enlargement of the liver and 
lymph nodes early in the illness there was 
no enlargement or leukaemic infiltrations 
at autopsy except for infiltrations in the 


} meninges. Persistent leukaemic infiltration 


of the central nervous system in spite of 
haematological remission has been re- 
ported recently (4). This apparent resist- 
ance to treatment with folic acid antag- 
onists is attributed to lack of penetration 
by the drug, as it is thought that it is 
difficult for the drug to pass the blood- 
brain barrier. The intrathecal administra- 
tion of folic acid antagonists and steroid 
and \\-ray therapy has been recommended 


in c ses with central nervous system 


sym} ‘oms (4, 10). 

Tl. dose of folic acid antagonists was 
smal in Case 1 and was stopped 3 months 
befo: death. However, very small doses 
of acid antagonists have been 
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reported to have a maximal and prolonged 
effect in cachectic patients who may have 
a deficiency of folic acid (11). On the other 
hand, large doses were used in Case 6, 
650 mg amethopterin spread over a period 
of 37 weeks, and the treatment continued 
right up to the death. In this patient 
intestinal changes characteristic of amin- 
opterin intoxication were found at au- 
topsy. Further, the bone marrow in both 
these patients showed a very intense 
megaloblastic reaction with giant forms, 
as can be found in folic acid deficiency. 


Summary 


Six of 21 children with blast cell leukae- 
mia were found at post-mortem to have 
a hypoplastic or aplastic bone marrow. 
Leukaemic infiltrations were found in the 
organs of all the cases with a hyperplastic 
marrow, but were present in only one of 
the cases in the aplastic group and are 
limited to the meninges. The cause of 
aplasia of the bone marrow in leukaemia 
is discussed, particularly with regard to 
the possible influence of the folic acid 
antagonists. In two of the cases the bone 
marrow biopsies were indicative of an 
aplastic course from the start. The treat- 
ment in these cases seems to have reduced 
the activity of the bone marrow still 
further. In one case the aplasia developed 
during prolonged treatment with folic 
acid antagonists; a causal relationship is, 
however, uncertain. In the remaining 
three cases there was a haematological 
response after treatment with folic acid 
antagonists. At autopsy changes that 
could have been due to lack of folic acid 
were found in the organs. 
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\ enous Hypertension in the Newborn Infant Associated with 


Delayed Clamping of the Umbilical Cord’ 


by PAUL M. TAYLOR, THOMAS J. EGAN, EDNA L. BIRCHARD, 
NANCY H. BRIGHT and JEROME H. WOLFSON 


In the course of studies of umbilical vein 
pressure in the newborn infant a tempo- 
rary elevation of pressure was noted 
shortly after birth in several subjects. 
This report describes these observations, 
and further studies designed to test the 
hypothesis that this venous hypertension 
might be caused by rapid infusion of 
blood from the placenta associated with 
delayed clamping of the umbilical cord. 


Patient Material 


Umbilical vein pressure determinations 
were obtained on a total of 62 infants during 
the first four days of life. These infants have 
been divided into six groups: 

Group A consists of 24 full-term and 7 pre- 
mature intants on whom a single deter- 
mination of umbilical vein pressure was 
made. Their ages ranged from 5 to 89 hours. 
None of the subjects in this group had clini- 
cal evidence of cardiac or respiratory diffi- 
Six of the premature infants were 
stuied prior to the beginning of exchange 
transfusion for physiological jaundice. The 


eult 


re aining infants in this group were chosen 
ai -andom. The time at which the umbilical 
ce was clamped in these infants was not 
ki own. 


Supported by the Twenty-Five Club, a 
\\ nan’s Auxiliary of the Elizabeth Steel Magee 
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Infants in Group B through F were all 
delivered during the day and were con- 
sidered to be mature. No other factors 
entered into the selection of these infants. 
Continuous observations of umbilical venous 
pressure were made on these infants begin- 
ning shortly after the time of delivery and 
ending, in most cases, after the pressure had 
stabilized. A single repeat reading was made 
between the ages of 13 and 30 hours on in- 
fants in Groups B, E, and F, with the 
exception of one infant in Group B who had 
two repeat readings at 3 and 22 hours. The 
umbilical cord was clamped within a few 
seconds of birth on infants in Groups D and 
F, and after a delay of several minutes on 
infants in Groups B, C, and EK. 

Group B contains the six infants, all 
delivered per vaginam, on whom the initial 
studies of umbilical venous pressure at the 
time of delivery were carried out. These 
infants, with umbilical cords intact, were 
placed on a table 30-45 cm_ below the level 
of the mothers’ perineum, and the umbilical 
cord was manipulated and punctured almost 
immediately thereafter. The time of clamping 
of the umbilical cord varied from 2—6 minutes 
after delivery in these infants. The umbilical 
cord was stripped in one case. 

Group C contains nine full-term infants 
delivered per vaginam in whom a period of 
about 3 minutes elapsed between the time of 
delivery and clamping of the umbilical cord. 
The infants were placed upon a table 30-45 
cm. below the level of the mothers’ perineum, 


4 


150 
and were not handled except for gentle 
aspiration of secretions from the nose and 


throat; the umbilical cord was not mani- 
pulated during this period and care was 
taken to prevent it’s being subjected to 
undue tension. 

Group D consists of six full-term infants 
delivered by the vaginal route whose umbi- 
lical cords were clamped within a few se- 
conds of delivery, during which time they 
were held above the mother’s abdomen. 

Infants in Groups E and F were delivered 
by low cervical cesarean section prior to 
onset of labor. 

Group E contains five full-term infants 
who were placed as low as possible on the 
operative field immediately after delivery. 
The placenta was then delivered and the 
infant and the placenta were removed to- 
gether to a table upon which the infant was 
placed. The placenta was then held as far 
above the infant as feasible without trac- 
tion’s being placed on the cord, with the 
fetal surface of the placenta facing the in- 
fant. This position was held for three minu- 
tes, or until the cord vein appeared collap- 
sed. In four studies the cord was stripped 
throughout it’s entire length in the direction 
of the baby. 

Group F consists of four full-term infants 
and one premature infant, whose umbilical 
cords were clamped at the time of delivery. 

Ystimation of the 
maining in the placenta following either 
early or delayed clamping was made on a 


volume of blood re- 


separate group of 28 infants, all of whom 
were full-term and delivered by the vaginal 


route. 
Methods 


Umbilical vein pressure was measured in 
read 
directly The 
saline contained approximately two units of 
Heparin ® per ml. The infants were studied in 


mm of normal saline; values were 


from a simple manometer. 


the supine position. The mid-axillary line 
was chosen as point of reference for the 
manometer as it approximates the level of 
the right auricle. In the Group B infants the 
umbilical vein was punctured with a large 
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needle, the needle withdrawn, and the unibi- 
lical vein catheterized through the ren_ in 
the Attempts to obtain 
readings prior to cessation of the blood |!oy 


vessel. pres: ure 
in the umbilical vessels were successful in )ut 
one of the six infants in this group. In infents 
in Group A and Groups C through F the 
umbilical vein was incised within 2 em of the 
abdomen prior to catheterization and a 
polyethylene or polyvinyl catheter filled 
with saline was inserted into the umbilical 


vein until marked and rapid excursions of 
pressure occurred immediately with changes 
in the infant’s activity. Withdrawing the 
catheter 2 or 3 cm from the point at which 
maximal fluctuations were noted did 
modify the venous pressure reading. Mea- 
surements obtained at 
that the junction of the umbilical vein and 
ductus venosus is found at a 
8-9 cm from the umbilicus in full-term in- 
fants. The majority of the venous pressure 
readings were obtained at depths of insertion 
(measured from the junction of the umbilicus 
and the abdominal wall) of 7 em in the full- 
term infants, and of 6 em in the premature 
infants. Occasional readings taken with the 
catheter inserted deeper than 8 cm vere 
deleted. Hence it is believed that the values 
reported were obtained with the tip of the 
catheter in the recess of the umbilical vein. 

The influence of crying and general mus- 
cular activity on the infant’s umbilical vein 
the 
source of error in these data. Readings were 


not 


autopsy indicate 


distance of 


introduced possible 


pressure greatest 


accepted only when the pressure was con- 
stant for at least several seconds, when the 
fluctuations normally seen with inspirations 
were noted, and when the observers judged 
the infants to be maximally relaxed. Such an 
evaluation is necessarily somewhat subjcc- 
tive. 

All infants were given intramuscular pe 1i- 
cillin and dihydrostreptomycin for the th ve 
days following the umbilical vein cathet: “i- 
zation. 


Results 


The mean umbilical vein pressure >of 


31 infants from 5 to 89 hours of « :e 


Venous pressure — mm Saline 


Fig. 1. 
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Fig. |. Umbilical vein pressure patterns of infants with delayed clamping of the umbilical cord 
(Group B). 


The umbilical cord was manipulated and punctured immediately after birth in these infants. 


Solid lines connect values obtained on initial 


insertion 


of the catheter. Dotted lines connect the 


last of these values and the single repeat reading or readings. 


(Group A) was 92.2 mm of normal saline 
+12.8 mm (S.D.). Age and birth weight 
did not influence the level of umbilical 
vein pressure. The highest pressure was 
112 mm. 

of 


Observations on the initial series 


‘infants studied from birth (Group B) are 


shown in Figure 1. Each of these six 
infants had umbilical vein pressures above 


the range defined by the Group A infants 


‘at an older age; five of the six had pres- 


sures in excess of 150 mm at some time 
during the first twenty minutes of life. 
The highest pressure was recorded in the 
only subject in whom the umbilical vein 


was .uccessfully catheterized with the cord 


ye 
inta.t and pulsating vigorously. This in- 


fant 
at t 


wit} 


s umbilical vein pressure was 190 mm 
0 minutes of age, dropped to 170 mm 
the onset of respirations one minute 


later, and then rose transiently to 190 mm 
following vigorous stripping of the umbi- 
lical cord. Clamping of the cord, im- 
mediately after the final stripping, was 
followed by a drop in pressure to 160 mm 
within one minute. 


of umbilical 


made on four of these 


Continuous observation 
vein pressure was 
infants until their pressure had stabilized 
A range. Stabilization 
30-90 minutes of age. 


abandoned 


within the Group 
took place within 
Continuous recordings were 
while venous pressures were still elevated 
in two infants at 8 and 60 minutes of age. 
Repeat determinations on these subjects, 
at 3 and 
within the Group A range. Three of the 
Group B infants breathed spontaneously 


19 hours respectively, were 


at birth, the remaining three from 3-6 
minutes after delivery. The time of onset 
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Fig. 2. Volume of blood obtained from the placenta in 14 early- and 14 late-clamped infants. 


of respiration did not seem to bear any were 104 ml + 37.8 ml (S.D.) and 31 ml 


clear relationship to the infant’s venous  +14.1 ml respectively (Figure 2). The 
pressure pattern. difference between these means, 73 ml, is 


An estimation was then made of the _ significant (P< 0.001). These early and 
volume of blood transferred from placenta _late-clamped infants are comparable as to 
to full-term infant during a three minute route of delivery (all per vaginam), mean 
delay in clamping of the cord. It was birth weight (early: 3330 g; late: 3190 g) 
assumed that the difference between the and range of birth weight (early: 270 to 
mean volumes of blood obtained from the 3912 g; late: 2495 to 3865 g). 
placentas of series of early- and of late- It seemed likely, therefore, that ‘he 
clamped infants would approximate the infants in Group B received relati. “ly 
mean volume of the placental transfusion. large infusions of placental blood, ve it 
The mean volumes of blood obtained from occurred to us that the vigorous manip" ‘a- 
the placentas of 14 infants with cords tion and puncturing of the cord + at 
clamped at birth, and of 14 infants with started immediately after birth mi: ‘ht 
cords clamped three minutes after birth, modify blood flow through the place: al 
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Fig. 3. Umbilical vein pressure patterns of early-clé 


the Group C infants were not 


vessels. Care was taken in the remaining 
studies to avoid touching or stretching the 
cord prior to its being clamped. Moreover, 
an attempt was made from this time on to 


» place the vaginally delivered infants at a 
uniform distance below the level of the 
mother’s perineum; the studies of Duck- 
man et al. (9) and Gunther (11) have 
emphasized that positioning the infant 
below the mother facilitates passage of 
blood from placenta to infant. 

» Figure 3 allows comparison of the pres- 


sure patterns obtained on early-clamped 
(Group D) and intentionally late-clamped 
(Group C) infants delivered per vaginam. 
, Th range of pressures recorded in the 
ear'-clamped infants is markedly lower 
tha the range of values observed in the 
lat’ clamped group. The highest pressure 
rec *ded for the early-clamped infants was 
12' mm; seven of the nine late-clamped 


Age - minutes 


umped infants (Group D), and late-clamped in- 


fants (Group C) delivered vaginally. Group C differs from Group B in that the umbilical cords of 


handled prior to clamping. 
g 


infants had venous pressures repeatedly in 
excess of 120 mm during at least the first 
twenty minutes of life. 

The study of infants delivered by repeat 
cesarean section prior to onset of labor 
was undertaken to exclude the possible 
influence of various factors associated with 
vaginal delivery on the infant’s venous 
pressure. The 
breathed within a few seconds to 55 se- 
conds after birth and were all in good 
condition at delivery. Two infants in the 


infants in these groups 


early-clamped group (F) had minimal 
respiratory distress from birth; both were 
breathing normally by the age of 30 minu- 
tes. Figure 4 shows that the early-clamped 
(Group F) infants’ venous pressures fall 
within the range of the Group A infants’ 
pressures. Four of the five infants in the 
late-clamped group (EK) 
higher than the maximum venous pres- 


had pressures 
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Fig. 4. Umbilical vein pressure patterns of early-clamped infants delivered by cesarean section. 


sure of 110 mm recorded for Group F 
infants (Figure 5). Repeat single deter- 
minations were made on nine of these in- 
fants between 25 and 31 hours of age; all 


were within the normal range. 


Discussion 


The of the 


Group A infants are within the range of 


umbilical vein pressures 
the peripheral venous pressure reported 
for normal adults by Winsor & Burch (27), 
and for normal children reported by Burch 
(5) and Jacques (14), and are somewhat 
above the pressure reported by Lambert 
(16) for normal children. Bonham Carter, 
Bound & Smellie (3) found the mean um- 
bilical vein pressure of normal infants dur- 
12 


(S.D.), using the sternal angle as 


ing the first day of life to be 26 mm 
mm 
point of reference for the manometer. We 
have found the mean difference between 
the mid-axillary line and the sternal angle 
to be 37 


mm in full term infants, and 


somewhat less in prematures. Addition of 
this difference to the mean value reported 
by Bonham Carter et al., gives an adjusted 


mean of 63 mm. The difference between | 


their adjusted mean value and our mean | 


and unexplained. Our finding that venous 


of 92.2 mm + 12.8 mm is significant (t 


pressure is not influenced by birth weight 
or by age is in accord with the observa- 
tions of Bonham Carter ef al. 

The influence of early versus delayed 
clamping of the umbilical cord on the in- 
fant’s venous pressure during the first 
minutes of life seems clear from our data. 
The eleven infants whose cords were cl: m- 
ped within a few seconds after delivery 
had umbilical vein pressure within or 
slightly above the range of pressure of ‘he 
older Group A subjects. The maxim im 
pressure seen in the early-clamped groups 
was 120 mm; this value was recorded on 
two of the eleven infants. Elevation of 
venous pressure of the order of that no‘ ed 
the series studied from bi th 
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Fig. 5. Umbilical vein pressure patterns of late-clamped infants delivered by cesarean section. 


(Group B) was recorded for most of the 
intentionally late-clamped infants; 11 of 
the 14 infants in Groups D and F had 
umbilical vein pressures higher than 120 
We 
pressure in excess of 120 mm after the 


mm. have observed umbilical vein 
first hour or so of life only in infants with 
the clinical findings of congestive heart 
failure (25). Parkinson (20) has reported 
of 80-98 
H,O during the first four minutes of life 


umbilical vein pressures mm 
in a series of 14 normal infants whose 
cords were not stripped, and a pressure of 
Is} mm H,O at the age of 2-3 minutes on 
one infant whose umbilical cord had been 
stripped. 

The only consistent difference in mana- 
gement between the Group C and D sub- 
jec’s, and between the Group E and F 
sul ects was the time following delivery 


at » hich the umbilical cord was clamped. 
De'iy in clamping of the cord, under the 
co! ‘itions previously outlined, effects a 


tra sfer of an average of 73 ml of blood 


H: -lhorst & Allmeling (12), who recorded 


the placenta to the fetal circulation. 


weight gain for successive minutes follow- 
ing delivery in 120 infants with intact 
umbilical cords, found an average gain of 
70 g at the end of three minutes. 

The extent of the average placental 
transfusion is best understood when ex- 
pressed in terms of percent of the infant’s 
blood volume prior to transfusion. Assum- 
ing the initial blood volume to be about 
10 % of the infant’s body weight, then an 
infant weighing 3500 g would receive a 
20 % increase in blood volume during the 
first three minutes of life. According to 
the data of Haselhorst & Allmeling (12), 
5, and 1% of the 


infant’s initial blood volume take place 


increases of about 14, 


during the first, second, and third minutes 
after delivery, respectively. Cutting et al. 
(6) using 1% saline or 5% dextrose solu- 
tion, and Landis and his co-workers (17) 
using Ringer’s solution have most closely 
approximated this rate of infusion under 
experimental conditions. They injected 
animals with these solutions at a rate 
sufficient to increase their blood volume 


from 3-7% per minute. These animals 
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showed an abrupt rise in venous pressure 


beginning a few minutes after the start of 
the infusion. The fastest rate of intrave- 
nous injection in human experiments was 
reported by Sharpey-Schafer & Wallace 
(23) who injected either normal saline or 
serum at a rate sufficient to increase blood 
volume 2-2.5 % per minute. They observed 
a rise in venous pressure within 2-3 minu- 
tes from the start of the infusion. In view 
of these studies, it is not surprising that 
most of the late-clamped infants showed 
an elevated venous pressure shortly after 
birth. 

The experimental data of Henry, Gauer 
& Sieker (13) on men indicate that change 
in central venous pressure is directly pro- 
portional to change of blood volume in- 
duced by bleeding or transfusion. Our ex- 
perience with the late-clamped infants de- 
livered by cesarean section suggests that 
the 
volume of blood received by the infant 


a correlation may exist between 
and elevation of his venous pressure. The 
umbilical cord was not stripped in one 
infant in Group F, and there was no visible 
evidence of decompression of cord and 
placental veins during the time the pla- 
centa was held above the infant; his ve- 
nous pressure was within the normal range. 
Two irresolute strippings of the cord were 
done on another infant in this group, his 
venous pressure was only slightly elevated. 
Manual compression of the placenta and 
vigorous stripping of the cord were car- 
ried out on the three other infants in this 
group until the upper portion of the umbi- 
lical vein appeared collapsed; all three 
showed marked elevation of umbilical vein 
pressure. 

The studies of Gauer & Henry (10), 


Sharpey-Schafer & Wallace (23), and 
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Warren et al. (26) indicate that the ret arn 
of elevated venous pressure to norinal 
following rapid infusion under experin.en- 
tal conditions is accomplished, in pari at 
least, by reduction of plasma _ volume. 
DeMarsh, Windle & Alt (8) and Mollison & 
Cutbush (18) have shown that hemocon- 
centration takes place within the first se- 
veral hours of life in late-clamped infants. 
Rycheck, Tylka & Taylor (22) found that 
serial hematocrits taken on late-clamped 
infants during the first hours of life show, 
in general, a reciprocal relationship to the 
venous pressure patterns presented in this 
report, although marked variation in rate 
of hematocrit adjustment was _ noted, 
while the hematocrit of early-clamped in- 
fants changes very little over this period 
of time. Different rates of adjustment of 
plasma volume could partially account for 
the observed differences in rates of decline 
of venous pressure in late-clamped infants 
with venous hypertension. 

A rapid transfusion of sufficient volume 
to elevate venous pressure might influence 
the clinical course of the newborn infant. 
Budin (4) and Reynolds (21) advocate 
delayed clamping of the umbilical cord on 
the thesis that the infused blood benefits 
the infant by filling his expanding pul- 
monary vascular bed. Bonham Carter (2) 
suggests that an increase in cardiac out}ut 
secondary to the placental transfus on 
might be effective in initiating expans on 
of alveoli in the newborn infant. He c- 
cepts the evidence advanced by Jay! <a 
(15) which is purported to show that er - 
tion of the pulmonary capillary ple> 1s 
secondary to increased pulmonary bl d 
flow is an important factor in initiat ¥ 
expansion of the lungs. This seems | 1- 
likely, however, as Dawes et al. (7) h e 
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shown that the initial inspiration preceeds 
increase in pulmonary blood flow in fetal 
lambs. Avery, Frank & Gribetz (1) have 
demonstrated in experiments on excised 
lungs that the effect of vascular congestion 
might facilitate expansion to a limited 
degree, but was not of sufficient magni- 
Moreover, it is not 
certain that increasing right ventricular 
output in the apneic infant will increase 
pulmonary blood flow; all of the increase 
might traverse the ductus arteriosus. It is 
possible, as suggested by Bonham Carter 
2), that an increase in back pressure from 
the left auricle on the pulmonary capil- 
laries secondary to the placental transfu- 
sion might lower the inspiratory force 
needed for initial expansion of the lungs. 

Temporary elevation of venous pressure 
secondary to the placental transfusion 
might be harmful to the newborn infant 
in some circumstances. Elevation of ca- 
pillary pressure would increase the possi- 
bility of significant hemorrhage into or- 
gans such as the brain, the lungs and the 
adrenal glands which may be traumatized 
during delivery. Since capillary fragility 


is greater in the premature than in the 


~e 


mature infant, according to the data of 
Oehme & Haberland (19) and YIpp6 (28), 
increase in capillary pressure at birth 
might be especially harmful to the prema- 
ture infant. 

(26) have shown that 


Warren et al. 


rapi’ intravenous infusions elevate pul- 
mon ry capillary pressure in proportion 
to increase in general blood volume in 
the .ormal human adult. The relatively 
larg volume of the placental transfusion 
mig’ * inerease pulmonary capillary pres- 
surc ‘0 the point of producing edema. As 
alve lar edema probably preceeds the ac- 
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tual hyaline membrane it 


seems reasonable to consider the possible 


pulmonary 


connection between certain cases of the 
neonatal respiratory distress syndrome and 
the placental transfusion. This suggestion 
is based on the assumption that increasing 
right ventricular output by rapid blood 
transfusion will increase pulmonary blood 
flow and pulmonary capillary pressure in 
the newborn baby. This may not be true, 
as functional patency of the ductus ar- 
teriosus may permit unequal distribution 
of the increase in blood volume between 
the systemic and pulmonary circuits. 
Speculation will not decide whether the 
placental transfusion causes significant be- 
nefit or harm to the newborn baby. Obser- 
vations from this clinic on the influence of 
early versus late clamping of the umbilical 
cord on the clinical course of the newborn 
infant will be published elsewhere (24). 


Summary 


The mean umbilical vein pressure of 31 
normal infants 5 to 89 hours of age was 
92.2 mm of normal saline + 12.8 mm 
(S.D.). Venous pressure was not influenced 
by age or birth weight. 

Continuous recordings of umbilical vein 
pressure were made on 11 infants whose 
umbilical cords were clamped at the time 
of delivery, and on 20 infants whose cords 
were clamped several minutes after deli- 
very. The highest pressure recorded in the 
early-clamped group was 120 mm; 2 of the 
11 infants had this pressure. Seventeen of 
the 20 late-clamped infants had levels of 
venous pressure repeatedly in excess of 
120 mm during the first 30-60 minutes 
of life with return to the normal range 


at varying rates. 
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Possible effects of a placental transfu- 
sion sufficiently large to raise venous pres- 
sure on the clinical status of the newborn 


infant have been discussed briefly. 
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Sleep Patterns in Infancy 


A Study of One Infant from Birth to Eight Months of Age ) 


by ARTHUR H. PARMELEE, Jr 


Sleep and wakefulness are perhaps the 
most dramatic contrasts in daily human 
behavior that everyone experiences and 
observes. Sleep or its opposite, wakeful- 
ness, are global complex patterns of be- 
havior. Detailed studies of both states and 
the transition from one state into the other 
will give valuable information about the 
functions of the nervous system as well as 
other physiological functions of the body. 

The most comprehensive review of studies 
on sleep is that of Kleitman (14), but this 
only covers the period up to 1939. Subse- 


quently, there have been studies, 


particularly relative to the neurophysiology 


many 


of arousal. These are reviewed in the reports 
of the Macy Conferences on Consciusness 
(1), the report of the Quebee Conference on 
recent book 


Consciousness (2), and a en- 


titled “‘The Waking Brain” by Magoun (16). 


Studies of the evolution of patterns of 
behavior in the maturing organism give 
us a perspective for the study of the 
complex behavior patterns of the mature 
We to the 
integration of the less complex primitive 


organism. are able follow 
behavior patterns of the immature organ- 
ism into the more complex patterns of 
the mature organism. For man this means 


observing the evolution of behavior from 


AGE IN WEEKS 


3 
infaney to adulthood. Certainly the study 
of the evolution of sleep and wakefulness | 
patterns of the infant and child may be 
expected to contribute to our understand- 
ing of these processes. on 
carel 
The most recent comprehensive reviews | chan 
of sleep in infants and children are those | poyy 
of Hellbriigge, Lange & Rutenfranz (10), and sleey 
Debré & Doumic (5). Gesell & Amatruda (7) | Ri 
have studied sleep in the premature and full 13.4 
term infant. Biihler & Hetzer (4), Kleitman & | is 1 
Mngelmann (15), and Moore & Ucko (17), wak« 
among others, have studied sleep in infancy Tl 
using samples ranging from 19 to 200 infants. re 
There are, in addition, several detailed : 
reports of the evolution of sleep patterns in y of o1 
just one or a very few infants (7-9, 15, 18, of a; 
21). sing] 
reco! 
In general all of these studies indicated a 
that the newborn or very young infant — eati 
has frequent short sleep periods, anc as ) tiou 
the infant matures the short sleep periods not 
consolidate into fewer and longer sleep 
periods and the longest tend to occur more | tren 
frequently at night. The wakeful periods | the 
also consolidate and tend to concent: ite — tion 
in the daytime. Most parents and s: ne ' 
doctors have the impression that inf: its 


several months old sleep much less t in 


newborn or very young infants. Kh it- 
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{CRYING 


WB SLEEPING 
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Big: 

man & Engelmann (15), in their very 


careful study, emphasize the fact that the 
change in total amount of sleep in 24 
hours is not very great, the average total 
sleep being 14.8 hours at 3 weeks and 
13.7 hours at 26 weeks. The major change 
is in the distribution of the sleep and 
wakefulness periods. 

The material to be presented in this 
article concerns the behavior day records 


of one male child from birth to 35 weeks 


of age. It seems justified to present this 
single case report since complete daily 
records of sleep and waking of a baby on 
a completely free schedule relative to 


eating, sleeping and waking, conscien- 


tiously kept by a mother for 35 weeks, are 
not readily obtained. Cases documented 
in sich a manner can illustrate the general 
trens noted in the larger studies and at 
the same time emphasize individual varia- 


Subject of the Observations 


T. +s male child was born after 38 weeks 
tation with a birth weight of 2585 g, 
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BEHAVIOR-DAY CHART 


(CwaKinG CRYING 


sueerinc 
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TIME IN HOURS 


Fig. 2. 


height 47 em, head circumference 32 em. He 
cried immediately after birth and no physi- 
eal or neurological abnormalities were noted 
in the neonatal period. His mother’s preg- 
nancy had been normal. The labor lasted 
five hours and the delivery was that of a 
normal vertex presentation. Nitrous oxide 
was given to the mother at the time of 
delivery. She received no medication during 
labor. 

He was fed on a completely self demand 
schedule. The self demand schedule extended 
to his sleeping in that he was never inten- 
tionally awakened from sleep and every 
effort was made to allow him to go to sleep 
when he This started within the 
hour after his birth since he was in a rooming- 
in unit with his mother. After the first eight 
days in this unit in the hospital, he slept 
in his own room which was a large converted 
closet attached to the parent’s room. The 
large door to this room was left open and 

His 
could 
He 


with 


desired. 


there corridor. 
movements but 
not be seen from the parents’ room. 
feedings 


intervening 
heard 


was no 


could be he 


received primarily breast 


occasional supplemental cow’s milk feedings 


until 10 weeks of age. From then on 
he received only cow’s milk. Purees were 
started in small amounts at 15 weeks of 
age. 


| 
sin 
18, 
is | 
ite — 
its 
| 
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Fig. 3. 


Physically and mentally he has progressed 
normally to the present. He is now twelve 


years of age. 


Method 
The mother of the subject recorded the 
infant’s daily activities on Behavior Day 
Charts as described by Gesell & Ilg (9). 


These charts have 24 vertical lines one-half 
inch apart for the 24 hours of a day, and 
horizontal lines for recording each day’s 
activities at the proper time interval. These 


horizontal lines are 3 


inches apart, leaving 
ample room for recording. There are 28 
lines to each chart, thus one chart covers a 
four week period. In the wide margins of 
each chart is space for special notes relative 
to the growth of the child, special occur- 
rences of the day or new developmental 
achievements, and so forth. 

the 
daily recordings with colored pencils. Sleep 


For this subject mother made _ her 


was recorded as blue, awake and quiet 


maroon, crying red, breast feeding orange, 
formula feeding yellow, and water feeding 
the 
vertical lines representing one hour of time 
the 


violet. Since each interval between 


measured one-half inch, duration of 


wakefulness could be 


the 


sleep and periods 


recorded to quarter hour with some 


accuracy. 
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BEHAVIOR-DAY CHART 


AGE IN WEEKS 
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Fig. 4. 
For the purposes of illustrating this 
article the Behavior Day Charts were 


reconstructed in black and white. In repro 


ducing them in black and white only the 
sleep (black) and wakefulness (white) were 
indicated. Crying, indicated by a vertical 
zigzag line, was only recorded during the 
first 16 weeks. The reproductions success- 
fully illustrate the patterns of sleep. 


The numerical data concerning the dura- | 


tion of total amount of sleep and wakefulness 
each day, frequency of wakeful periods and 


longest sleep and wakeful periods, were 
derived from the original more detailed 
charts. The comments relative to daily 
events and developmental progress were 
obtained from the mother’s notes made 


daily on the original charts. 

For the numerical values of duration of 
the first week of 
each chart was analyzed. For the first week 
of life the total sleep and wakefulness of the 


sleep and wakefulness 


first day were not included because it \vas 
an incomplete day. The longest sleep period 
of any day included the overlap into he 
early morning of the next day, since ‘he 
intention was to determine the ability of | he 
infant to sustain sleep, and after the © rst 
weeks this period generally occurred at 1) ‘ht 


and extended over midnight. 
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TabLeE 1. An analysis of the infant’s sleep during the first week recorded on each Beha- 
vior Day Chart, including the first and last weeks of the total record. 


(Times are given in hours.) 


(1) 


Total sleep per day 


(3) 
Longest sleep 
period of the 


(2) 
Av. daily 


longest sleep 


Av. for week Range per week week 
| 
Ist week 17.8 (16.5-—20) 4.4 bb 
) 5th week 15.4 (14-16.5) 4.9 5.0 
9th week 18.2 (15.5-20) Bie 8.5 
13th week 17.8 (16.5-19.5) Tae 8.5 
17th week 16.9 (16-18.5) 8.6 9.5 
2Ist week 16.3 (15-17) 10.0 12.0 
25th week 15.5 (13.5-17) 12.0 
29th week 16.3 (16—17.5) 13.0 
33rd week 14.4 (13-16) 10.7 12.5 
’ 35th week 14.3 (13-15.5) 73° 10.0 


* Mother’s notes state that baby was teething at this time and on Behavior Day Chart 9 it can 


followed the same general trend (Table 1, 
Columns 2 and 3). 

This boy, therefore, by the 21st week, 
had developed the ability to sustain his 
sleep for periods of a little over twice 
the duration of those in the first week of 


this he seen that there is a recurrence of awakening at night. 
were 
pro | 
the | Discussion of the Behavior Day Charts 
were ) 
tical | The numerical data presented in Tables 
the | Land 2 will be discussed first and then the 
e88- | Behavior Day Charts 1 through 9. 
In the Ist, 9th and 13th weeks! the 
sien ‘total amount of sleep per day remained 


and 
vere 
iled 
ily 
vere 


rade 


1 of 


| approximately the same. The 5th week 
,Was an exception and this will be dis- 
cussed later. The total amount of sleep 
very gradually decreased in the succeeding 
weeks and in the 35th week it was only 
3} hours less than in the Ist week (Table 
1, Column 1). The average duration of the 
dlongest sleep period per day increased 
rather rapidly with the most pronounced 
between the 9th and 13th weeks 
and }-tween the 17th and 21st weeks. 


jump 


longest sleep period of each week 


days 

the Bs 
refers 
Ith w 


Sand 


numbers of the weeks refer to the seven 

eceding the corresponding numbers on 
avior Day Charts. Thus the first week 
» the seven days from birth to 1 and the 
< to the seven days between the numbers 
and so forth. 


life. After the 2Ilst there was not much 
change. 

The total amount of wakefulness was 
of course the inverse of the total amount 
of sleep. This gradually increased in 
duration proportional to the decrease in 
total amount of sleep (Table 1, Column 1). 

The average longest wakeful period for 
each week studied was slower in lengthen- 
ing than was the average longest sleep 
period. By the 2Ist week the average 
longest wakeful period was 2.5 hours which 
was only 1.3 times that in the first week. 
Only in the 33rd week did this jump to 
4 hours which was twice that in the first 
week (Table 2, Column 2). Nevertheless, 


there was a steady increase in the average 
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TABLE 2. 


(Times are given in hours.) 


ARTHUR H. PARMELEE, JR 


An analysis of the infant's wakefulness during the first week recorded on cach 
Behavior Day Chart, including the first and last weeks recorded. 


(1) (2) (3) (4) 
Longest Frequency 
Av. of daily wakeful of waking 
Total wakefulness per day longest wakeful period in per day 
Av. for wk. Range period per week week Av. for wk. Range | 
Ist week 6.2 (4-7.5) 2.0 3.0 7.0 (6-9) 
5th week 8.4 (7.5-10) 2.5 4.5 8.4 (6-11 
9th week 5.8 (4-8.5) 2:2 4.8 6.5 (5-8) 
13th week 6.2 (4.5-7.5) 2.4 3.8 5.0 (4-6) 
l7th week 7.0 (5.5-8) 2.5 4.0 4.5 (4-5) 
2Ist week re (7-9) 2.5 3.0 4.9 (4-6) 
25th week 8.4 (7-10.5) 2.8 3.0 4.2 (3-6) 
29th week 7.9 (6.5-8) 2.9 3.0 3.5 (3-4) 
33rd week 9.5 (8-11.5) 4.0 5.0 4.0 (3-6) * 
35th week 9.7 (8.5-11) 4.1 6.5 4.2 (3-5) 


duration of the longest wakeful periods 


for each week studied. As this baby 
matured he seemed to develop an in- 
creasing ability to sustain wakefulness 
just as he developed the ability to sustain 
sleep. 

On the other hand, the single longest 
wakeful period during the week shows 
no consistent change from the first to 
the 33rd week. At 9 weeks it was 4.8 
hours and at 33 weeks 5 hours, and at 1, 
21, 25 and 29 weeks it was 3 hours (Table 
2, Column 3). This probably indicates, 
as one would expect, that even in the 
earliest weeks the baby can have isolated 
prolonged wakeful periods, probably from 
unusual stimulation. 

The frequency of the wakeful periods 
per day rather rapidly dimished each 
week (Table 2, Colzmn 4). Correspond- 
ingly, of course, the frequency of separate 
sleep periods diminished. The increase in 
the average longest wakeful periods is not 


great enough to account for the increase 


in total wakefulness, yet the frequency of | 
wakeful periods decreased in number. 
Therefore, each individual wakeful period | 
must be somewhat longer, as can be seen 
in the Behavior Day Charts. 

The Behavior Day Charts 1 through 9. 
as presented, illustrate the day to day! 
changes in the sleep and waking patterns} 
of this infant. Each chart represents ay 
four week period. 

The first 16 weeks were characterized 
by a dramatic progression from what ap- 
peared to be chaotic sleep and wakefuiness 
to a recognizable rather orderly pattern 


(Charts 1, 2, 3 and 4). ; 
It is interesting to note that this ‘aby 
did not always progress steadily tow ards 


greater organization. Often there wis a 


period of increased disorganization just 
before a new arrangement of sle 
patterns. The first of these was bet een’ 
the end of the 3rd week and the e: | of 
the 6th week. During this time he was 
more wakeful with a greater total an unt 
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Fig. 5. 


of time awake and also a greater fre- 
quency of wakeful periods than in the 
first three weeks of life. He was also more 
fussy (Tables 1 and 2 and Charts 1 and 2). 

After the sixth week he was less restless 
and a diurnal sleep wakefulness pattern 
began to be apparent and became more 
obvious after the tenth week. From the 
14th week on he slept consistently from 
6 or 7 P.M. until midnight or beyond with 
rare relapses. At this time his afternoon 
schedule seemed to be quite regular also. 
His most disorganized period remained 
in the morning hours. 


rying was recorded on the Behavior 
Da. Charts during the first 16 weeks and 
not after that. In the first 10 weeks crying 
wa- noted whenever there was a prolonged 
waleful period and especially in the 
aft noon and evening. After 10 weeks 
the crying was less frequent and after 12 
we <s there were long wakeful periods 
out crying, especially in the late 
mc ing. 

iis baby was breast fed for the first 10 
wes with some cow’s milk supplements. 
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Fig. 6. 


After 10 weeks he received only cow’s milk 
feedings. Pureed foods and cereals were not 
started until after 16 weeks of age. In the 
first 2 weeks of life the frequency of feedings 
ranged from 6 to 8 per day with 7 the predo- 
minant number. After the sixth week fre- 
quency of feedings was 5 to 6 per day with 
5 per day most common after the 11th week. 


From the 16th week on the major 


changes were in the “night waking” 
between midnight and 4 A.M. as it is 
defined by Moore & Ucko (17), and in the 
day time sleep or naps occurring between 
5 A.M. and 7 P.M. 

The “night waking” will be discussed 
first. This boy had the least amount of 
“night waking” from the 27th through 
the 33rd week. In this period he awakened 
between midnight and 5 a.m. on 13 days 
of 42 or on an average of about two 
nights per week. During the 29th week 
(Chart 8) and for the first two days of the 
30th week he did not awaken at all from 
6 p.m. until 5 a.m. This was his most 
“settled” period and was the longest 


period of consecutive nights of prolonged 
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Fig. 7. 


sleep. His daytime sleeping periods were 
29th week. 
35th 


was more 


also very regular during the 
From the 33rd through the 
(Chart 9) his “night waking” 


week 


frequent again and there were irregulari- 
ties in his day time sleep as well. 


considered a 


Moore & Ucko (17) 
“settled” if he slept through from midnight 


baby 


until 5 A.M. Occasional lapses were accepted 
as long as they were less than once a week. 
In their analysis of 104 cases they found that 
approximately 70% had settled by three 
months of age and 80% by 4 months. Nearly 
10%, were not settled by the end of the first 
A large proportion of relapses were 
the 6th 10th 
Hellbriigge ef al. (10) studied infant sleep 


year. 
noted between and months. 
by checking the cribs in an infant nursery 
every other hour. For a group of 13 infants 
5-8 months of age, checked for a period of 
80 days, they found only 5% awake at 9 
p.M. after a scheduled feeding. However, at 
ll p.m., 1 a.m. and 3 a.m. 15% to 20% of 
the babies were awake and by 5 a.m. 35% 
had awakened. 


The midday sleep or “naps” of this boy 
were irregular between 16 and 20 weeks 


(Chart 5). In general there were two or 
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three “‘naps”’ of irregular length during the 
day between 5 a.M. and 7 P.M. By the 
end of the 20th week and during the 2\st 
week (Chart 6) the baby developed a very 
regular three nap schedule. This became 
irregular again from the 22nd through 
the 25th week when a new schedule of 
two regular daily naps began to appear. 
This schedule of two naps daily persisted 
from the 25th to the 33rd week (Charts 
7, 8and 9). In general the morning nap was 
longer than the afternoon nap. 

Between the 33rd and 34th week (Chart 
9) there was a shift to a long afternoon 
“nap”. Gradually the morning nap w:s 
eliminated and the baby remained awa '‘e 
all morning and took a fairly long aft: r- 
noon nap. The beginning of this is im i- 
cated in Chart 9 between the 34th a d 
35th week. 

In general the more isolated rest! s 
days and nights noted in this bo s 
Behavior Day Charts could be correla‘ 4 
with ‘teething’, immunizations, illnes 
such as colds or diarrhea, or unus |! 
family events such as extensive excursi 5 
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BEHAVIOR- DAY CHART 


MBsveerinc wakine 


AGE IN WEEKS 


TIME IN HOURS 


Fig. 9. 


from the home or numerous visitors in the 


home. 


Examples of this can be noted in the 
following weeks: 9th, a cold for 3 days; 
10th, diarrhea on the 4th day; 12th, diarrhea 
on the 7th day; 26th, immunization on the 
Ist day; 27th, head cold for the entire week; 
30th, immunization on the 6th day; and 
35th, “‘teething”’. 


The more lasting shifts in sleeping 
patterns could not be explained by ob- 
served events as noted above. In a general 
way they coincided with gross changes in 
the total development. For example, 
between 5 and 6 weeks a consistent smile 
could At this time some 
evidence of a diurnal cycle became ap- 
parent and the extreme restlessness of the 


be elicited. 


preceding 3 weeks subsided. A_ bigger 
chanze came after 12 weeks when the 
bab» could lie awake and amuse himself 


by -ooing and striking at his cradle gym 


wit! his hands. He began to play instead 
of ©. ving when he awakened. At this time 
his ‘cep from 6 P.M. to midnight became 
con stent and undisturbed. After 20 
we 3 of age there was a major change 
ins posture during the daytime from 
the upine position to supported sitting, 
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and after 26 weeks he was sitting for 
prolonged periods with support. He played 
happily in this position, reaching for 
objects and transferring them from hand 
to hand. By 32 weeks he could sit for 
prolonged periods unsupported. During 
this period his total sleep pattern, day and 
night, was better organized than at any 
other time during this study. 

After 32 weeks he began to become 
more mobile, changing from the seated 
to the prone position, and at 33 weeks he 
was crawling restlessly and getting him- 
self into awkward positions. This mobility 
extended to a shift to the upright posture 
when at 34 weeks he began to pull himself 
to a standing position. This he enjoyed 
doing but he could not let himself down 
again and this made him fussy. Coin- 
cidentally, his day and night time sleep 
became somewhat irregular again. It also 
should be noted that the mother states 
he was teething during the 35th week. 

Before a new organization of his sleeping 
patterns there often seemed to be a dis- 
solution of the old one with a disorganized 
transition period. For example, the 5th, 
22nd, 25th and 34th weeks. Jt would 
appear that this boy went through re- 
current periods of rather complete dis- 
organization as he passed from one major 
developmental stage to another. Gesell & 
Ilg (9) indicate that this is not uncommon 
throughout childhood. 

Moore & Ucko (17) reported that in the 
first 3 months illness caused only _ brief 
disturbances in sleep, but later in the year 
an illness could cause a prolonged period of 
sleep disturbances. They also noted in the 
first 3 months external stimuli such as 
sharing a room or other sources of noise 
did not seem to influence settling. After the 
fourth month external circumstances seemed 
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to play a more important part in disturbing 
the baby’s sleep. They did not discuss 
disruptions from changes in total develop- 
mental patterns. 

Of additional interest 
that this baby showed evidence of a 23 hour 
rather than a 24 hour cycle until about the 
16th 17th of life. Comparable 


feedings or wakeful periods on successive 


is the observation 


or week 
days seem to occur about one hour earlier, 
making a complete shift to the left on the 
charts in approximately 23 days. This is 
analogous to the case reported by Kleit- 
man & (15) hour 
eycle and a similar daily shift in the opposite 


ingelmann with a 25 


direction. 


Comments 


There is a striking similarity in the 
general evolution of the patterns of sleep 
and wakefulness and the 
other single cases reported as well as in the 


in this case 


larger group studies previously mentioned. 
Moore & Ucko (17) noted this 
within their own study and commented 
as follows: “More surprising than the 
number of deviants from the norm, when 
all is considered, is the 
adhere to it in the face of difficulties.” 

Essentially the changes in the sleeping 
and wakefulness birth 
through at least the first eight months 
are not so much a decrease in the total 
amount of sleep but in the distribution 


unity 


number who 


patterns from 


of the periods of sleep and wakefulness. 
The neonatal infant has a significant 
amount of wakeful time in 24 hours, 
approximately 6-7 hours, as is indicated 
in this case and in a study of the sleep 
of 75 newborn infants during the first 
few days of life (19). However, this is 
broken up into many short periods and 


in this way appears to be negligible. 
Infants in the early weeks of life seem 
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to be incapable of sustaining a! ng 
period of sleep or a very long perioc of 
wakefulness. As they mature they acgq tire 
the ability to do both. Thus, the slort 
periods of sleep consolidate into larger 
ones, especially in the night, and the 


short periods of wakefulness consolidate 


into larger ones, especially in the daytime. 


This is well documented in the study of 
Kleitman & Engelmann (15). 

The total amount of sleep per day at 
each age level noted in this report is 
somewhat greater than the averages found 
by Kleitman & Engelmann (15). This could 
be accounted for by the fact that in this 
instance only the mother judged when 
the baby was awake or asleep, whereas 
in Kleitman & Engelmann’s study this 
was checked more carefully with acto- 
grams. Thus, the periods when the baby 
was awake and active but not active 
enough or fussy enough to attract a 
mother’s attention would be noted by 
Kleitman’s technique and the total sleep- 
ing time recorded would tend to be shorter. 
Nevertheless, this child shows the same 
general patterns of development as indi- 
cated by Kleitman & Engelmann (15). 


The exact nature of the of 
development of sleep patterns as descril ed 
is unknown. Moore & Ucko (17) conelucied 
that babies do not ‘‘learn”’ to sleep ail ni: ht 
in the sense that this is something that «a1 
be actively taught them by their pare: ‘s. 
“What we have called the settling proc: :s, 
a form of learning at the level of biolog. a! 
adaptation, requires no consciously direc. 


process 


training by parents. There are indicati 1s 
that it fundame: 
physiological changes affecting the wl le 
pattern of mental and physical activit .” 

Aserinsky & Kleitman (3) have stuc 
eye movements and bodily movements >f 
infants during sleep. They establishe: a 
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basic rhythmic cycling of motility of ap- 
proximately 60 min between peaks of 
motilitv. They suggest that the duration 
of sleep is likely to be one or a multiple of 
these motility cycles. In other words, an 
infant is most likely to wake up during the 
period of the motility cycle when he is most 
active. If he does not wake up at this time, 
he is likely to sleep through another motility 
eyele. The origin of this basic cycling of 
motility is not known. They considered it 
to be of internal origin, relatively indepen- 
dent of environmental factors. 

Jouvet (12) has found in cats rhythmic 
bursts of electrical activity in the reticular 
formation of the pons that is related to deep 
sleep. This activity can be detected in intact 
animals with chronically implanted  elec- 
trodes when they are in deep sleep, but is 
obscured in light sleep. The chronic mesence- 
phalic preparation cats, on the other hand, 
have only this type of sleep, as indicated 
by the recordings from electrodes in the 
reticular formation of the pons, electro- 
mygraphie recordings of the neck muscles 
and respiratory changes. The rhythmic 
discharging that causes this type of primitive 
sleep in cats seems to be independent of the 
external milieu. 


One might postulate that the newborn 
infant has rhythmically induced sleep of 
short duration that is independent of his 
external environment. Superimposed on 
this is some ability on the part of the in- 
fant to respond to external stimuli and to 
he aroused, especially between discharges, 
and 
asl-p eyele, or, as Aserinsky & Kleitman 
(3) 


hen to maintain this arousal despite 


ite, maintain sleep despite a motility 


cv In any event, sustained arousal 
ma: be a function of higher central nerv- 
ous system feedback to the reticular 
act! ating system (6), and sustained sleep 
ma be partly dependent on the active 
sup -ession of the effectiveness of external 
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sensory experiences or habituation (11, 
13, 20). As the young infant’s central 
nervous system develops, it is increasingly 
capable of sustaining’ arousal and of 
screening out some sensory experience in 
order to maintain prolonged sleep. Further 
studies will be necessary to elucidate this 
problem. Such complex behavior as sleep 
and wakefulness probably cannct be 
explained sufficiently by such a simple 


postulate. 
Summary 


A review and analysis of the sleep and 
wakefulness patterns of one boy from 
birth to 35 weeks of age has been pre- 
sented. This boy’s total sleeping time 
decreased gradually from 17.8 hours in 
the first week to 14.3 hours at 35 weeks. 
The most remarkable changes were in the 
increase in the duration of the sleep and 
waking The longest 
sleep period for the first week was 4.4 
hours and for the 29th week 11.7 hours. 
The frequency of wakeful periods dropped 
from an average of 7.5 in the first week 
to 4.2 in the 35th week. A diurnal sleep 
pattern is apparent in the Behavior Day 
Charts from the sixth week on and very 
definite after the 12th week. The sleep 
pattern noted in this case are essentially 


periods. average 


the same as reported in the literature 
cited. Essentially, all have noted predo- 
minantly a lenghthening of single sleep 
and wakeful periods with maturation in 
the first than a 
reduction in the total amount of sleeping 


year, rather marked 
time. 
Possible 


tions for the changes in sleep patterns are 


neurophysiological explana- 


discussed. 
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CASE REPORT 


Icterus and Xanthomatosis 


by HARALD MORTEN SVENDSEN 


From the Pediatric Department, University Hospital, Oslo, Norway. Head: Professcr Leif Salomonsen 


Xanthomatous changes in the skin are 
rare in children and comparatively little 
has been published on the subject from 
pediatric quarters. Crocker (5) and Mori- 
quand (14) independently deal with xan- 
thomatosis in children in their reviews, 
and it is apparent that the etiologic and 
pathogenetic possibilities are many. Dis- 
turbances of the liver and bile ducts may 
cause xanthomatosis in children. No con- 
clusive proof that acute virus hepatitis 
has been the causative factor in xantho- 
matosis has yet been reported in medical 
literature. In fact, Thannhauser (17) cate- 
gorically maintains that the two do not 
occur together. On the other hand, Mag- 
nusson, Josephsen & Tungland (13) in 
1956 reported a case of xanthomatosis 
associated with icterus in a 7 year old boy. 
They considered an acute viral hepatitis 


to \e the most likely etiology. We have 
hac occasion to study an almost identical 
cas in the Pediatric Department, Oslo 


Up versity Hospital, and thought it wor- 
th: of notice. 


Case report 
ie patient is a boy, born April 25, 1956, 


M has previously been in good health. 
H -omes from a healthy family none of 


whom have cutaneous xanthomas. The 
parents and two other siblings are living and 
in good health. The pregnancy, delivery and 
neonatal period were uneventful. No nutri- 
tional problems. Psychomotor development 
normal. 

The first manifestation of the present 
disease occurred at the age of two years. 
The boy became listless, irritable, somewhat 
feverish and would not eat. After about a 
week, dark urine, clay-coloured stools and 
jaundiced skin were observed. Information 
was obtained that no other case of jaundice 
had occurred in the district at that time. 
As for the possibility of inoculation hepatitis, 
it was reported that the patient had had his 
last injection of polio vaccine in November 
1957. 

During the following 4to 5 weeks, the icterus 
gradually became pronounced, and the pa- 
tient developed pruritus. He stayed at home, 
partly confined to bed, and was given a light 
diet but no other treatment. In the beginning 
of May, he was admitted to the Department 
for Epidemic Diseases, Central Hospital, 
Trondheim. Marked jaundice, positive Gme- 
lin, and negative Schlesinger reaction in the 
urine were demonstrated. The patient was 
discharged from the hospital after 8 days 
with the diagnosis of acute hepatitis. His 
condition remained the same. The jaundice 
persisted without change for about 8 weeks 
after discharge from the hospital, and the 
boy continued to be listless and uncom- 
fortable from the itching. From the be- 


ginning of July, the patient improved, 
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Fig. 1. 


the icterus decreased and the urine became 
lighter. At the same time, however, an erup- 
tion of yellowish-white nodules on hands and 
feet was observed. When the patient was 
examined by the referring pediatrician at 
the end of July, a moderate icterus was still 
present, and there was a general eruption of 
xanthomas in addition. The patient was 
therefore referred to the Pediatric Depart- 
ment, Oslo University Hospital. 

On admission, Aug. 13, 1958, the boy was 
two and a half years old. He was thin, 
somewhat pale, afebrile and not icteric. The 
skin was spotted with small yellowish-white 
nodules, particulary along the lines of palms 
and soles. Efflorescences of the oral mucosa, 
dem- 


specially on the gingivae, were also 


onstrated (Fig. 1 and 2). The liver 


considerably enlarged, extending to the um- 


was 


bilical level, and was slightly tender. The 
surface was smooth and firm. Splenomegaly 
was not demonstrable. No other pathologic 
findings were brought to light by the clinical 
examination. 

Routine chemical 
and microscopic examination of the urine 


Laboratory findings: 


revealed nothing abnormal. The serum was 
markedly turbid. Hemoglobin: 75 %. Sed- 
rate: 
5100 


Erythrocytes: 3.84 millions per mm. Bili- 


imentation 84 mm per hour. Leuco- 


cytes: mm, distribution normal. 
rubin (total): 0.6 mg%. Alkaline phospha- 
tase: 35.7 Bodansky units. Takata’s reaction 


negative. Serum proteins: Albumin 3.7 ¢". 
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ICTERUS AND XANTHOMATOSIS 


Globulin 4.6 g%. Alfa 2 globulin 1.3 g%. 


Beta globulin 1.8 g%. Gamma globulin 
1.2 2%. Total lipids: 5340 mg% (normally 
400 700). Total cholesterol: 1742 mg% 


(Table 1). 

Roentgenographic examination of the 
skeleton revealed considerable osteoporosis. 
A cholangiogram disclosed normal gall blad- 
der and good excretion of contrast. Biopsy of 
the skin: Xanthomatosis. 

The patient was placed on a diet low in 
cholesterol and given meticorten with the 
dosage of 5 mg four times a day. In the 
course of 12 weeks, this was reduced to 2.56mg 
twice a day. Subsequently, the xanthoma- 
became less marked, the liver 
enlarged and the biochemical changes showed 
steady improvment (Table 1). He was dis- 
charged from the hospital on November 3, 
1958 and instructed to follow a diet low in 
cholesterol and continue to take meticorten 


tosis less 


2.5 mg twice daily. 

The patient was later admitted in Feb- 
ruary, 1959 and September, 1959 for re- 
examination. For practical reasons, it had 
not been possible to continue his low 
cholesterol diet, and the meticorten medica- 
tion was discontinued in March, 1959. He 
had enjoyed excellent health all the time. 


On the final examination, the xanthomas 


173 


were considerably reduced, had completely 
disappeared from the face and mucous mem- 
branes, but were still present in both palms 
and on buttocks. The liver was no longer 
palpable. Laboratory findings of significance 
are shown in Table 1. 


Discussion 


A simultaneous occurrence of icterus 
and xanthomatosis raises etiologic, patho- 
genetic and diagnostic considerations 
which have long been a _ controversial 
subject. Depending on the author’s view 
as to the etiology and pathogenesis oppo- 
site conclusions have been drawn at dif- 
ferent times, particularly as to whether 
the liver and bile duct disturbance or the 
xanthomatosis is the primary cause of the 
condition. 

On the basis of recent studies and the 
findings in this particular case, the rela- 
tion between icterus and xanthomatosis in 
our patient will be discussed below. 

The diagnosis of acute viral hepatitis 
with reasonable 


‘an usually be made 


TABLE 1. Laboratory data during the course of the disease. 


1958 
Aug. 21 


1958 
Aug. 15 


1959 
Sept. 16 


1959 
Febr. 26 


1958 
Oct. 23 


1958 
Sept. 9 


lipids 5310 mg % 
Nev ral fat 

Fre fatty acids 

To: cholesterol 

Ph pholipids 

Al! line phosphatase 


100 mg % 
1712 mg% 1248 mg °% 
1680 mg 


dansky) 35.7 
Th: ‘nol 0.15 
Ta: ita Negative 
Py \\romin-proconvertin 

e in % of normal 120% 
Bi bin 0.6 mg % 
Te serum proteins 8.3 2% 
se entation rate 84 mm per 


hour 


4345 mg % 
1317 mg% 


mg% 1125 mg% 860 mg % 710 mg % 
708 mg % 
200 mg % 
624 mg % 


348 mg % 


360 mg % 290 mg % 
130 mg % } 
250 mg % 


320 mg % 


176 mg % 
235 mg % 


246 mg % 
254 mg % 


12.7 5.1 9.3 
0.16 0.05 0.08 
Negative Negative 
125% 83 % 115% 
0.8 mg % 
1.22% 6.9 2% 7.12% 
12mm per 23 mm per 11 mm per 
hour hour hour 
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certainty from the clinical data and simple 
laboratory examinations. It is well known, 
however, that the disease can appear 
in different forms. One of these is the so- 
called cholangitic form, characterized by 
protracted icterus and pruritus, and labo- 
ratory findings that point to an obstruc- 
tive disturbance rather than to paren- 
chymatous injury. The patients recover 
slowly, with complete recovery usually 
occurring within a year. 

Our patient presented just this picture. 
Icterus and pruritus persisted for 4 
months. The alkaline phosphatase was 
increased, electrophoresis of the serum 
proteins revealed findings that indicated 
an obstructive disturbance, while routine 
tests for a parenchymatous injury revealed 
nothing abnormal. Apart from the occur- 
rence of xanthomatosis, the convalescence 
was protracted and the liver did not 
return to normal size for about a year. 
There were no reports of other cases of 
jaundice in the patient’s home district, but 
the possibility of hepatitis resulting from 
inoculation is present, as the patient was 
vaccinated against poliomyelitis 4 months 
before the onset of the disease. 

This type of hepatitis does not seem 
to be rare. Eliakim & Rachmilewitz (7) 
present a study of 104 cases of acute hepa- 
titis. Nearly one fifth of the patients 
showed the picture of the cholangitic type 
of illness. In these, the condition was prac- 
tically indistinguishable from that of 
obstructive jaundice. Liver biopsy is a 
most helpful diagnostic measure (4), but 
unfortunately we do not have this conclu- 
sive proof in our patient. The course of the 
illness, however, makes the diagnosis viral 


hepatitis of cholangitic type highly prob- 


able. 
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The main point of interest is the sec ond 
stage of the disease, the developmen. of 
the xanthomatosis, and the relation ‘hip 
between this and a hepatitis of cholan,itic 
type. As mentioned in the introduction, 
it is well known that many liver and bile 
duct disturbances can engender secondary 


xanthomatosis. This phenomenon has |een } 
reported in liver glycogenosis (19), toxic \ 
hepatitis (6), congenital dysplasia of the 
interlobar bile ducts (2, 5, 8, 11), protrac. 
ted bile stasis caused by extrahepatic oc- 
clusion of varied etiology (3), and in pri- 
mary biliary cirrhosis (11, 15, 16). These 
conditions have the following common ¥ 
traits: a more or less chronic bile stasis 
serum lipids which are demonstrably 
elevated, and liver function tests which 
remain normal for a long time. Ahrens & | 
Kunkel (1) found that patients 
total lipid serum values of more than 


with 


2000 mg %, lasting for more than 6 months. 
always developed xanthomatosis, whereas 
xanthomatosis did not develop in those 
with serum lipid values below 1300 mg °% 
no matter what the duration. 


Our patient presented all of these 
characteristics. The clinical evaluation / 
and, even more, the course of the patient's 
illness do not, however, point to ‘he 
presence of any of the above mentioned 
liver and bile duct disturbances. During 
the first part of the first hospitalization, 
the picture presented came closest to t iat 
of xanthomatous biliary cirrhosis. 
somewhat nebulous syndrome, today n- 
terpreted as a primary liver disease of 
various etiology (3, 6, 11, 16), is a chro iic 
condition with remittent attacks of ja in- 
dice and a poor long term prognosis. " 1is 
disease can thus be ruled out as a diag »s- 
tic possibility in our case. 
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ond l'rimary biliary cirrhosis can, as men- 
1 of} tioned above, give rise to secondary 
hip} xanthomatosis. In this connection, it 
vitie should be noted that primary biliary cirr- 
ion} hosis may develop as a consequence of 


bile} acute cholangitic hepatitis (18). It seems 
iary' likely that the same pathological mechan- 
isms can be at work in both stages. 
Therefore it is logical to assume that 
the xanthomatosis can evolve from an acute 
rac-' as well as a chronic phase, provided the 
prerequisites for xanthoma formation are 
pri- present. 

rese It is interesting to note that in all previ- 
non ¥ ously reported cases with secondary xan- 
asis| thomatosis caused by liver and bile duct 
disturbances, the plasma has always been 
lich ¢lear. The rise in the serum lipids was 
s&| entirely due to an increase of cholesterol 
vith. and phospholipids while neutral fat con- 
, centration was normal. In our patient, the 
ths. | plasma was turbid, owing to a marked 


han 


eas | increase in the neutral fat concentration 
ose} (Table 1). This finding may suggest the 
4% | possibility of a particular primary disturb- 
ance in the lipid metabolism, i.e. idio- 
ese | pathic familial hyperlipemia. The plasma 
ion; in this condition is highly lipemic, all lipid 
it's | fractions are considerably elevated and 
‘he — xanthomatous deposits in the main biliary 
‘ed ducts may lead to bile stasis with jaundice. 
ng Th 


clinical picture is then indistinguish- 
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diagnostic possibilities emphasized by 
Magnusson and his coworkers (9, 13). In 
the present case, the possibility of primary 
xanthomatosis seems completely unlikely. 
There is nothing to support a hereditary 
predisposition in the family history, the 
xanthomatous skin changes did not occur 
until the icterus had practically subsided, 
and roentgen contrast examination of the 
bile ducts revealed good excretion. It 
seems unthinkable that resorbtion of pri- 
mary xanthomatous deposits in the bile 
ducts should take place in the presence of 
severe cutaneous xanthomatosis and while 
the serum lipids were markedly elevated. 
The most likely conclusion seems to be 
that the patient reported here has had a 
primary liver disease, probably a hepatitis 
of cholangitic type, with development of 
secondary xanthomatosis. 


Summary 


The clinical course of a two and a half 
year old boy with icterus, hepatomegaly, 
xanthomatosis and marked elevation of 
the serum lipids is described. In the process 
of this disease, these clinical and biochem- 
ical signs slowly disappeared and the pa- 
tient seems to have regained complete 
health. The diagnostic problems are dis- 
cussed. It is concluded that the patient 
suffered from a primary liver disease, most 


m, 3 abl: from secondary xanthomatosis caused likely viral hepatitis of the cholangitic 
‘at | by orimary liver and bile duct disturbances type, with development of secondary xan- 
us | (16. These are precisely the differential thomatosis. 

n- 
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CASE REPORT 


Hereditary Renal Dysplasia and Blindness 


by AAGOT CHRISTIE LOKEN, ODD HANSSEN, SVERRE HALVORSEN 
and NIELS JOHAN JOLSTER 


From the Department of Pathology (Head: Prof. Dr. Med. Olav Torgersen) and the Pediatric Clinic, 
Rikshospitalet, Oslo (Head: Prof. Dr. Med. Leif Salomonsen) 


Hereditary progressive renal disease was 
first described by several authors around 
1900. Mitchell (12) reviewed the literature 
in 1930. Since then a similar clinical pic- 
ture has been reported combined often 
with abnormalities in other organs. 


Ryersbach (13) described a neurogenic 
deafness. Hawkins & Smith (7) reported 
various skeletal and skin abnormalities in 
36 cases. These belonged to 4 generations of 
the same family. Congenital cataract was 
present in 3 of their cases. Sohar (15) de- 
scribed 10 cases among whom 2 had sphero- 
and 2 had congenital cataract. 
Goldbloom (6) reported 3 siblings aged 5, 10 
and 18 vears, all of whom died with uremia. 


phakia 


Two had reduced hearing, and one of these 
also an anterior subcapsular cataract. In no 
case has histological examination of the eyes 
been performed. 


li the few autopsied cases the renal 
lesio, was found to be pyelonephritis. The 
pat!) genesis, however, was unclear until 
Mar ‘\all (11) and Ericsson & Ivemark (3, 
4). -emark, Oldfeldt & Zetterstrém (8) 
obs: -ed that pyelonephritis may develop 
ont + basis of renal dysplasia. 

1 - present report deals with 2 blind 
sib! ss who died with renal failure at 8 
anc years of age. In one case a postmor- 


tem examination including the eyes was 
performed. The parents are unrelated. 
Several members of the fathers family 
have died of “‘stroke’’ at the age of 60-70 
years. Three of the mother’s siblings have 
died, one from diabetes, one from multiple 
sclerosis and one from lymphosarcoma. No 
other hereditary disease or abnormalities 
are known in the family. 


Case Reports 


Case 1. T.A., male, born May 29, 1939. 
The pregnancy uncomplicated and 
delivery was uneventful. Birth weight 4350 g. 
When he was 3 months old the parents 
noticed that his eyes did not follow light 
or objects, but he reacted to strong light 
stimulation by closing his eyes. The psycho- 


was 


motoric development was markedly retarded. 
At age 2 years he was admitted to the Eye 
Department and Pediatric Clinic of Riks- 
hospitalet, Oslo. 

His musculature was hypotonic, and he 
showed both mental and motor retardation. 
The eyes were slightly sunken in, there was 
nystagmus, and he did not focus on any 
object. The pupils reacted sluggishly to 
light. Ophtalmoscopy revealed normal eye- 
grounds. The following years an increasing 
mental retardation occurred. He could only 
utter a few words; he was confused and 


=| 
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agitated, had a poor appetite and vomited 
frequently. He was cared for in a home for 
mentally retarded children. 

At 7 and 7} years old he was again seen in 
the Pediatric Clinic. Weight 14.6 kg, height 
107 em, blood pressure 100/60. The skin was 
pale and dry with petecchiae. Examination 
of the eyegrounds was normal as was his 
hearing. This condition grew increasingly 
worse. Clonic seizures occurring particularly 
at night began and at 8 years of age he died 
in a local hospital following a short period of 
vomiting, diarrhea and repeated convulsions. 

Laboratory findings: Urinalyses were nor- 
mal when he was 2 years old. At 7 and 7} 
years proteinuria was repeatedly present 
(Esbach was }%) and specific gravity was 
invariably below 1.010. Benzidine reaction 
was negative, and microscopy showed a few 
white blood cells and granular casts. 

Blood: At 2 years of age the Hb. was 82% 
and sedimentation rate 2 mm. At 7 years Hb. 
50%, erythrocytes 2.36 mill/mm§, 
leucocytes 9.300 with normal differential 
count. Bone marrow biopsy showed scarce 
erythropoiesis. Serum iron was 92 gamma%. 
Bleeding time, coagulation time and _ pro- 
thrombin time and clot retraction were 
normal. Pneumoencephalography was un- 
successful. ECG and X-ray of the heart were 


normal. 


was 


Case 2. T.A. female born November 7, 
1950 following an uncomplicated pregnancy 
and delivery. Birth weight was 3830 g. No 
neonatal complications occurred. Her growth 
and motor development were normal. She 
was said to have fixed on objects at 2-3 
months of age. However, at 54 months of 
age she was admitted to the Pediatric Clinic, 
Rikshospitalet, because of reduced vision. 
She did not follow any object with her eyes. 
The eyegrounds and the remaining examina- 
tion were normal. 

In the following years she continued to 
develop normally, except for her visual 
defect. At 7 years complaints of weakness, 
abdominal pains and nausea began. She was 
found to be anemic and was readmitted to 
the Pediatric Clinic. Physical examination 
revealed a pale and thin girl who weighed 
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24 kg and measured 122 cm. Some light } er. 
ception was still preserved. The pupils were 
dilated and reacted sluggishly to light, 
Ophthalmoscopy showed normal optic dise, 
The macular regions appeared normal, the 
vessels showed no pathological changes ind 
in the periphery a diffuse pigmentation was 
seen. The refracting media were clear. Her 
hearing was normal. Because of the aneinia 
she received blood transfusions, and cortisone 
was tried without effect. 


Her condition remained unchanged for | 


2 years. At 9 years of age she became in- 
creasingly fatigued with headache and vom- 
iting, her gait was spastic and she had period- 
ic clonic jerks. She became dyspnoeic and 
stuporous and was readmitted to the Pe- 
diatric Clinic. Her skin was extremely pale 
with multiple petechiae and ecchymoses. 
Blood pressure was 170/100. Blood and sa- 
line transfusions were given without effect, 
and she died the next day following repeated 
convulsions. 

Laboratory investigations: At 5 months of 
age her blood and bone marrow were normal. 

Seven years old: Urinalyses: The protein 
reactions were positive and the _ specific 
gravity was below 1.010, even after a con- 
centration test. Microscopy revealed 8 -10 
white blood cells per visual field as well as 
scattered granular casts. Urine cultures were 
sterile. 

Blood: Hb. was 58%, erythrocytes 3.70 
mill/mm*’, reticulocytes 3%, thrombocytes 
120,000—210,000 leucocytes 13,200 
with a shift to the left of the differential 
cell count. Sedimentation rate was 28 1mm. 
The bone marrow was normal. Serum iro: 69 
gamma%, creatinine in serum was 3.5 my %, 
urea 132 mg%, Co,-combining power | 4.7 
vol%, calcium 9.8 mg%, phosphorus 5.4 
mg% and alkaline phosphatase 14 uw ‘its 
(Busch). The dye test was negative and _ he 
antistreptolysin titer 700. Electropho: sis 
showed an increase of alpha,—globulins »ut 
was otherwise normal. X-ray of the skel: on 
and retrograde pyelography were negai ve. 
Electroencephalogram showed no ite 
pathological changes. 

Nine years old: Hb. was 24%, sedimc ta- 
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P rig. |. Section from the kidney, showing loss of 

convoluted tubules. Groups of dilated tubules 

are seen. Only a few glomeruli are preserved. 

Lymphocytic infiltrations. Increased connective 
tissue. Hematoxylin-eosin. » 80. 


tion rate 20 mm, urea 424 mg%, CO.,- 
combining power 10.7 vol% and chlorides 


105 mEq. 
? 


| Autopsy. The pertinent findings were: 

| Smal! amounts of serous fluid in the pleural 
cavities (ca. 20 ml), in the pericardial cavity 
(5 ml) and in the peritoneal space (100 ml). 
The lungs were edematous and hemorrhagic. 
The heart was slightly enlarged, weighing 

2170 » and there was some hypertrophy of 
the ventricular wall. 

Th kidneys weighed 28 g and 27 g. They 
appe> -d shrunken, and their surface was 
sligh granular. The cut surface had a 
yello. sh tinge, and the cortical substance 

| varie’ im width from 1-3 mm. Pelves, ure- 
‘teres id bladder were normal. 


Mi »seopic examination of the kidneys 


(Fig revealed distorted cortical struc- 
tres. srimarily due to atrophy of the tubu- 
les. © ly a few scattered groups of dilated 
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Fig. 2. Dysplastic renal ductule lined by cubo- 

cylindrical epithelium, and surrounded by con- 

centric rings of connective tissue. Hematoxylin- 
eosin. x 400. 


tubules were present, filled with a homo- 
genous eosinophilic substance. The majority 
of the glomeruli showed either pericapsular 
fibrosis of varying degrees, or they were 
completely hyaline. A number of glomeruli 
were, however, still well preserved. A wide- 
spread and heavy infiltration of lympho- 
cytes and plasma cells was seen in the cortex, 
far less in the medulla. The collecting tubules 
were reduced in number, and some fibrosis 
was found. 

In the peripelvic tissue, perivascularly and 
scattered throughout both medulla and 
cortex areas of renal dysplasis were present, 
characterized by ductules lined with cu- 
boidal epithelium and coated with a distinct 
rim of concentrically arranged connective 
tissue fibers sometimes surrounded by 
lymphocytes (Fig. 2). Groups of them were 
seen in fibrous areas without any chronic 
inflammation. Other structures indicating 
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Fig. 3. 
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Brain stem with edema and small hemorrhages. Fibrinoid material in the perivascular 


spaces and deposited in the surrounding brain tissue. P.T.A.H. ~ 80. 


primitive glomeruli were also found. The 
parietal layer was coated by columnar or 
cuboidal epithelial cells. The tufts were 
bizarre and made up by cuboidal, dark 
staining epithelial cells and deposition of 
mineral salts occurred. 

Gross examination of the brain 
only some flattening of the gyri. The weight 
was 1400 g. After 14 days fixation in 10% 
formalin the brain was cut. A few pin-prick- 
sized hemorrhagic spots were present in pons 
and tegmentum. Microscopically these areas 


showed 


showed an edematous tissue. There was some 
swelling and proliferation of the endothelial 
cells as well as of the adventitial connective 
tissue. The vessels were surrounded by a 
mostly cell-free, slightly eosinophilic stain- 
ing substance, bordered by a dense fibrinoid 
material deposited in the brain tissue (Fig. 3). 
By Mallory’s connective tissue staining the 
material stained brightly red or more orange. 
It was PAS positive and stained dark pur- 
P.T.A.H. A few perivascular 
hemorrhages and glioses were also found. The 
optic pathways, such as the superior collicle, 
the geniculate bodies, the optic radiation and 


ple-blue by 


area striata were normal. 


The posterior parts of the eyes were 
removed through the orbital roof with the} 
optic nerves. They were fixed in Stieves 
fluid and embedded in paraffin. 

The two eyes showed nearly identical 
microscopical pictures. The sclerae and 
choroidal layers were normal. The piginent 
epithelium was preserved, but the pigrent 
was rather scarce. There was some scattering, 
of pigmented cells in the choroidal lavers.| 
The retina was separated from the pigment 
epithelium. There was a marked reduction of | 
cells. In the macular regions one single !ayer 
of rather large cells of an epithelial ap) ear- 
ance replaced the outer granular ‘ayer 
(Fig. 4), probably representing the epend 
cell layer from which the rod and cone ells 
normally develop. The external lin ting 
membrane could be seen separating th: cell 
bodies from their cone shaped exten ons. 
No rod cells could be identified. In .0re 
peripheral parts of the retina the iter} 
granular layer contained only a few rre- 
gularly distributed cells (Fig. 5), and — few 
pigment-laden cells were scattered a iong 
them, sometimes gathered around  nall 
vessels. The plexiform layers as well «the 
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Fig. 4. Macular region of the left eye. The outer 
granular layer is represented by one single layer 


The external limiting membrane is 
preserved, The inner granular layer is fairly well 
developed, and a few ganglion cells are seen. 


P.T.A.H. x 320. 


of cells. 


inner granular layer were markedly atrophic, 
but not to the same degree as the outer 
granular layer. Some ganglion cells were 
preserved, The nerve fiber layer was en- 
lareed by growth of glial fibers, and con- 
tained well preserved vessels of the usual 


siz’ and shape. The optic nerve was normal. 


Discussion 

‘1 the previously reported cases of 
he -ditary nephropathy combined with 
de ‘ness, or less commonly ocular disturb- 
ues, the true nature of the renal lesions 
se ns obscure. In the few cases coming 
te .utopsy the histological examination 
hi revealed wide-spread pyelonephritis. 
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Fig. 5. The retina, pigment epithelium and cho- 
rioidal layers in peripheral part of the right eye- 
The various retinal layers are severely reduced, 
only the fiber layer is thickened, P.T.A.H. * 460. 


Goldbloom et al. (6) emphasized that the 
pathological findings probably represented 
end stages completely masking the under- 
lying primary renal lesion. In an attempt 
to explain the peculiar susceptibility of 
these individuals to pyelonephritis these 
authors suggested multifocal hypoplasia 
or malformations as the possible primary 
cause. In the absence of anatomic abnor- 
malities an inherited enzymatic defect was 
considered. Studies by Marshall (11) and 
more recently by Ericsson & Ivemark (3, 
4) provide evidence for the assumption 
that patients with dysplastic kidneys are 
highly susceptible to pyelonephritis. 
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In 


pyelonephritis with almost complete dis- 


our Case 2, wide-spread chronic 
tortion of the renal parenchyma was evi- 
dent. Primitive ducts or cartilage held to be 
indisputable evidence of dysplasia were 
not seen. However, other structures, sup- 
porting the diagnosis of dysplasia as re- 
ported by Ericsson & Ivemark (3, 4) were 
common in the specimens examined. These 
structures were ductules lined by cuboidal 
epithelium and surrounded by distinct 
rings of concentric connective tissue bands. 
Formations apparently representing primi- 
tive glomeruli were also encountered. 
Ericsson & Ivemark (4) were able to show 
that such ductules originated in the me- 
dulla and ended blindly beneath the renal 
vapsule without joining uriniferous tu- 
bules. The primitive or abnormal glomeruli 
were isolated or connected with atrophic 
dilated proximal tubules with no outlet. 
In their opinion, a kidney should be 
regarded as dysplastic when such ductules 
are found. The primary lesion in the pre- 
sent case is therefore believed to be renal 
dysplasia. 

The degenerative changes of the vessel 
walls in the brain stem are believed due 
to the uremia. The vascular changes are 
of the same kind as those found in the 
kidneys. The perivascular transudate indi- 
cates a disturbed blood-brain — barrier, 
causing edema and deposit of an albumi- 
nous material in the brain substance. This 
apparently resulted in a glial reaction 
around the vessels. The location of uremic 
changes in the brain stem is not unusual (2) 
and the wide-spread distribution in the 
pons and reticular substance of the brain 


stem accounts well for the convulsions, 


coma and death. 
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Congenital blindness has been the subj 
of recent large scale investigation. Alstréni & 
Olson (1) found that 10% of the blind chil- 
dren in Sweden from 1897 to 1948 belon;ed 
to the group classified heredoretinopathia 
congenitalis. This group included various 
clinical diagnoses such as retinochorioiditis, 
amblyopia congenita and atrophy of the 
optic nerve. The ophtalmoscopic picture may 
be normal in early cases, but more often a 
dusty pigmentation was found which in- 
creased with age. ERG was negative in most 
of the cases. Cataract and keratoconus were 
present, increasing in frequency with age. No 
increased frequency of mental deficiency 
compared to the rest of the population was 
found. Genetic studies showed a monohy- 
bric recessive autosomal heredity. 

Schappert—Kimmijser et al. (14) studied 
227 cases of amaurosis congenita in the 
Netherlands, and their descriptions were 
much in accordance with those of Alstrém & 
Olson. ERG could not be separated from 
those of retinitis pigmentosa. They also found 
an autosomal recessive heredity. 

Sorsby & Williams (16) described 9 pa- 
tients with retinal aplasia in 2 families. 
Several also had mental retardation. These 
authors separated the condition from reti- 
nitis pigmentosa on the basis of the different 
clinical record, but suggested that the apla- 
sias were related to retinitis pigmentosa, 
possibly caused by a more severe develop- 
mental deficiency. They referred to Keelers 
investigations (9,10) in the house mouse. 
Based on histological examinations of the 
eyes and electromotive force generated 
through stimulation by light Keeler found 
mice with hereditary blindness mainly due 
to a reduction of the rod cells. The reduction 
was present in varying degrees, and he found 
that the pigment epithelium 
broke through the external limiting me .- 
brane, and scattered pigmented cells wire 
found between the cells in the outer lay: 's 


sometin °s 


of retina. 


Histological examination in human ca: °s 
of retinal aplasia has not been found in ‘ie 
literature. The histological picture in 1 
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present case is very similar to the descrip- 
tion by Keeler (9, 10) in mice, and it has 
also features common with retinitis pig- 
mentosa. In our case the displaced pigment 
was rather scarce. Early cases of this 
disease have, however, been described as 
retinitis pigmentosa sine pigment (17). 
Our impression that the degeneration 
starts in the outer granular layer, and 
spreads inwards, is also in accordance 
with Wolffs descriptions of retinitis pig- 
mentosa. As to Keelers descriptions of the 
rodless mice the present case is very similar 
to his most advanced aplasias with deple- 
tion of rods and one layer of cones left. 
The present case seems to display two 
Both dys- 


plastic kidneys and retinal dysplasias have 


different congenital defects. 


heen described as genetically determined 
abnormalities. The dysplastic kidney has 
heen found combined with several other 
anomalies, most often with neurogenic 
deafness. The retinal dysplasias sometimes 
combined deficiency. 
Whether the cataract described in cases of 
renal dysplasia might have been combined 


were with mental 


with retinal changes is not known. It 
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should, however, be remembered that both 

vataract and keratoconus are frequently 
combined with retinal aplasia. Alstrém & 
Olson (1) concluded that the gene carrying 
the anomaly influenced both retina, lens 
and cornea. 

To the authors knowledge the occur- 
rence of hereditary renal disease and con- 
genital blindness has not been reported 
previously. The histopathological find- 
ings in one of our cases indicating renal 
dysplasia and retinal aplasia seem to pre- 
sent an unusual combination of two geneti- 


cally determined abnormalities. 


Summary 


Two siblings, a boy and a girl, with 
congenital blindness died at 8 and 9 years 
of age from renal failure. Autopsy was 
performed in one case. The kidneys showed 
evidence of dysplasia and of pyelonephri- 
tis. Earlier suggestions that renal dysplasia 
might be the primary cause in cases of 
chronic pyelonephritis in children are sup- 
ported. Examination of the eyes indicated 
a congential defect, retinal aplasia. 
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PROGRESS IN PEDIATRICS 


Polycystic Kidneys in Newborns, Infants and Children 


A Clinical and Pathological Study 


by PER M. LUNDIN and INGEMAR OLOW 


From the Department I of Pathology (Head: Prof. J. Mellgren, M.D.) and the Pediatric Clinic (Head: Prof. 
R. Zetterstrém, M.D.), University of Gothenburg, Sweden 


Introduction 


(Cystic kidneys occur in adults as well as 
in children of all ages. While the adult 
variety of the disorder usually is inherited 
dominantly, it may also occur without 
manifest heredity. 

Cystie kidneys in children of various 
ages have been the subject of very diver- 
gent opinions, both as regards their rela- 
tionship with the adult form and with 
respect to their heredity. Most authors 
still treat cystic kidneys as a disease 
entity where the degree of parenchymal 
destruction is the sole factor determining 
the patient’s chances of surviving. 

\s early as 1902, Kiister showed that 
the age distribution of 239 subjects with 
the disorder had two peaks; one at the time 
of 'irth (59 stillborn babies) and another 
bet een the ages of 30 to 60 years (Fig. 1). 
La'-r, other authors have confirmed this 
dis ibution (9, 23). The consensus of all 
wo <ers who in recent years have studied 
th age distribution of cystic kidney 
ca. sis that the disorder is encountered in 
ch ‘ren of all ages, albeit less frequently 
in fants and young children. Yet no 


preponderance is found among newborns 
and infants in any of the published family 
trees showing the inheritances of the domi- 
nant adult form; actually, as far as we 
know, it has not been diagnosed in any 
child less than 2 years of age in these 
families and some workers believe that 
cystic kidneys in newborns and children 
are recessively inherited (6, 23). 

Studying cystic kidneys in newborns 
(2 cases), on the one hand, and in older 
children and adults on the other, Lambert 
(18) demonstrated that the cystic kid- 
neys in the two groups differed histo- 
logically. The existence of such a difference 
has subsequently been verified (4). Con- 
tinued research on the subject has re- 
vealed not only that there exist two forms 
of the condition—the neonatal and the 
adult—but also that the former occurs in 
two or more histologically discrete varie- 
ties (22, 25, 30). 

Many problems posed by newborns and 
infants with cystic kidneys—their clinical 
manifestations, heredity and _ prognosis 
as well as the question of their relation- 
ship to cystic kidneys in older children 
and adults—will hardly be solved unless 
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Fig. 1. 


BIRTH 


Age distribution according to Kiister. 


one finds means of morphologically dis- 
tinguishing the different types. Unfor- 
tunately most monographs on_ cystic 
kidneys have in common the weakness 
that the material has been imperfectly 
analyzed from histological points of view 
and hence clinical and genetic peculiarities 
are obscured or difficult to interpret. 
Dalgaard (6), for example, drew conclu- 
sions about cystic kidneys in newborns 
and children despite the fact that in his 
series of 40 cases the kidneys were not 
examined microscopically. 


Material (Including the Criteria of 
Diagnosis) 

According to our concept cystic kidneys 

are characterized by bilateral diffuse scatter- 


doy week moaths yeor yeors 


Fig. 2. Age distribution in present material. 


Group I, [=| Group Group 


ing in the parenchyma of a large number of 


cysts of varying sizes. The microscopical 
appearances range from those where the 
cysts are entirely dominant and look like the 
meshes in a coarse network supplanting the 
normal renal parenchyma, to those where ‘he 
cysts are small and interspersed by norn:al- 
looking parenchyma. Grossly the kidneys 
may exhibit the usual kidney-shape or may 
be greatly deformed; they may be anything 
from hypoplastic to enormously hyperplas ic. 
We have excluded from the series all cz ses 
of unilateral cystic kidney where the ¢ n- 
tralateral organ was normal, as well as ill 
cases of circumscribed, unilocular or mt ti- 
locular cystic formations. 

Potter (22) described familial oceurre ce 
of large spongy polycystic kidneys in n w- 
borns. The familial occurrence of this t pe 
was also observed by one of us (20). ” :is 
prompted the idea of analyzing the clit 
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Fig. 3. Polyeystic kidneys in situ. Group I. 


manifestations and heredity of such neonatal 
cystic kidneys and led to the collection of a 
10 year series from the whole of Sweden. 

After perusal of the Annual Reports for 
the decade 1945-1954 from all Swedish hospi- 
tals, relevant extracts from the case records 
were collected regarding 27 cases which 
coniplied with our criteria. To these cases 
were added 14 similar ones observed from 
1945 through 1958 in Gothenburg (Table 2). 
In 26 of these cases it proved feasible to 
carry out a thorough histological examina- 
tion. In addition the existence of cystic 
kidneys in a living child (7B, sibling of 
chil! 7A) was established by clinical diagno- 
SIS 

lg. 2 shows the age classification of our 
ser s of 41 cases. 

! Gothenburg, where all autopsies in- 
clu da search for cystic kidneys, 14 cases 
wei encountered among the 3200 autopsies 
per rmed at the children hospitals and ob- 
ste cal departments from 1945 through 
19°. This is equivalent to approximately 1 
cas per 230 autopsies. 

have divided into four groups the 
his ogically examined cases in our series. 
Th ‘ourth group contained only four cases 


Fig. 4. Polycystic kidney, Group I. x 0.6. 


of kidneys which in no way resembled each 
other in appearance. It should be noted that 
the classification was made exclusively on 
morphological grounds and _ consequently 
should not be made a basis for pathogenetic 
conclusions. Nor does it make claims to be 
final. Groups I, II and IIT have nevertheless 


a distinct appearance both grossly and 


microscopically. 


Group I 


These kidneys usually weigh around 
400 g per pair and are considerably over- 
sized but have retained the characteristic 
shape. The surface is smooth and copious 
masses of tiny cysts are dimly visible 
through it. On the surface of the section, 
which has a spongy appearance, one dis- 
cerns numerous cystic spaces of round or 
slot-like shapes situated close together in 
a radial arrangement extending all the 
way from the capsule to the renal pelvis. 
The renal pelvis is gracile, the ureter 
slender and thin-walled (Fig. 4). 
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Fig. 5. Polyeystic kidney. Group I. A. 


Microscopical examination discloses in 
a narrow marginal zone next to the cortex, 
remotely spaced and occasionally incom- 
pletely developed glomeruli with not- 
dilated 


often poorly developed tubular structures. 


Bowman’s capsules and a few 


The rest of the parenchyma is entirely 
occupied by the aforementioned round or 
elongated cystic spaces which are lined 
by a regular, cubical epithelium. In the 
epithelium the nuclei are rather large, the 
intercellular borders indistinct. (Nothing 
that the 
origin.) Down towards the renal hilus the 


suggests cells are of tubular 
cysts become more irregular, obtunded, 
larger. In juxtacapsular areas very small 
amounts of loose, collagen-poor tissue is 
found between the cysts, but as the renal 
hilus is approached the interstitial tissue 
becomes more plentiful and richer in col- 
lagen fibres. Morphologically fully devel- 
oped nephrons with differentiated distal 


and convoluted tubules 


proximal 


are 
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of the children were observed by ourse 


x10. B. x 120. 


seldom encountered in cystic kidneys 5 
belonging to Group I (Fig. 5). 

This group is the equivalent of what 
Sanchez-Lucas termed spongy kidneys 
(rein d’éponge). 

In three cases belonging to this group 
histological examination of the liver re- 
vealed a marked proliferation of the finer 
bile ducts some of which were dilated and 
pronounced periportal fibrosis (Fig. 7). .\n- 


other four cases were found to have cyst» in 
the liver and one of them in the pancreas 
too, but unfortunately the organs were '\ot 
examined histologically. In two cases > 


where pancreas were examined mic 0- 
scopically a marked fibrosis of the pai n- 
chyma, dilatation of the ducts and p ‘i- 


ductular fibrosis were found (Fig. 8). 


Clinical Data ; 


Group I comprised 2 boysand7 girls. 1x 


immediately or shortly after parturit n. 
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Pregnancy and Parturition 


Six of the children were born before the 
38th week, the remaining three in the 
39th-40th week. Four of the children were 
delivered by breech presentation. From 2 
to 4% of normal births are breech pre- 
sentations (11). 

Three parturitions observed by us were 
associated with hypamnion. In the other 
cases the amniotic fluid was reportedly 
normal but nothing was recorded as to 
its volume. Many hypotheses have been 
presented for the mode of production of 
amniotic fluid, particularly with reference 
to the part played by the urine (16, 31). 
Several authors have also noted hypamnion 
in urinary tract malformations and in 
renal agenesis (7, 27). Hypamnion in cases 
of cystic kidneys has also been observed 
by Singer (28). The existence of dry labour 
in the neonatal type of cystic kidneys 
suggests that such kidneys secrete no 
urine, 

One of the mothers had jaundice during 
late pregnancy, another was anemic and 


the rest seemed in the best of health. 


Symptoms in the Child 


The children in this group were asphyc- 
tic. their respiration irregular or shallow 
and breathing difficulties were dominant 
thr ughout the survival period. No child 
suvived more than 4 hours, one died 


im ediately after birth, none was still- 


ie most striking feature seen when 
th: » children are examined is the greatly 
di» nded abdomen, and when it is pal- 
pa d the kidneys are invariably found to 
he .arkedly enlarged (Fig. 3). 

itter described a specific facial ex- 


189 


Fig. 6. ‘““Potters face” in case of polycystic kid- 
ney. Group I. 


pression in children with renal agenesis 
(deep eye furrows, snub-nose, micro- 
gnathia, large flabby ears placed low on the 
head). But the same thing occurs in other 
renal malformations too. The 6 children 
we had the opportunity to observe per- 
sonally all had a typical “Potter face” 
(Fig. 6). 

Other malformations, except for cysts in 
other parenchymatous organs, have been 
observed in only one case, namely stenosis 
of the sigmoid flexure. 

Why these children die so soon after 
birth is a question few authors have dis- 
cussed and the general belief seems to be 
that death occurred as a result of uremia. 
The mere fact that children with renal 
agenesis frequently survive for several 
days with a slowly rising nonprotein nitro- 
gen levels effectively disproves the view 
that renal insufficiency is the cause of 
death. Acid-base disequilibrium due to 
urine retention could presumably be a 
contributory cause of death. However, 
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Fig. 7. 


such a disequilibrium would only arise if 
the placental barrier was damaged. In 
one of our cases (No. 5) a complete blood 
analysis was done immediately before 
death. The Na, K, Co, etc. levels were 
quite normal for the age and N.P.N. was 
48 mg%. Dalgaard (6) pointed out that 
these children presumably die from other 
causes than their kidney malformation 
(premature birth, pulmonary atelectasis, 
other malformations incompatible with 
life). 

Cystic kidneys of Group I seem to show 
something of a hereditary trait. Six of our 
9 cases occurred in three families. (This 
will be further commented upon). 


Group JI 


Most of these kidneys are considerably 
enlarged, up to 400 g per pair. While the 


Duct dilatation and fibrosis in liver. (Group I.) x 135. 


typical renal shape usually is preserved, 
occasional organs may be more or less 
deformed by large cysts (Fig. 9). 
Microscopically the cysts exhibit a 
cuboidal or simple squamous and regular 
epithelium. The cysts are surrounded by 
large amounts of fairly loose and moder- 
ately collagen-rich connective tissue. The 
cysts in some kidneys occupy the greater 
part of the parenchyma and one fis 
only small residual portions of more normal 
parenchyma with a few apparently und: r- 
developed glomeruli and iregular tubu aw 
structures next to the cortex. In ot er 
kidneys those areas which contain cysts: 
much connective tissues are mixed (p 
with patches of seemingly unchanged re al 
tissue where there are histologically fi !y 
normal nephrons with identifiable prc i- 
mal and distal convoluted tubules (Fig. | '). 
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Fig. 8. Fibrosis of pancreas. (Group I.) 


Fig. 9. Polycystic kidney. Group II. 


Fig. 10. Polycystic kidney. Group II. A. x10. B. x 150. 


iis kidney is indistinguishable from 
‘vstic kidney rich in connective tissue 
ibed by Potter. It might be identical 
the kidney Staemmler described as 
ts morphologically equivalent to the 
t type of cystic kidney. 


Malformations in other organs have not 
been observed. In the few cases where 
liver and pancreas were examined fibrosis 
of the same kind as in Group I could not 
be found. 
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Clinical Data 

Included in this group are 10 children 
(5 boys and 5 girls) from 8 families. One of 
the children (No. 7B) is at present 3 
years of age with clinical signs (including 
X-ray) of cystic kidneys. 

Pregnancy and Parturition 

Six of the children were born in the 
38th week, one in the 36th and one in the 
39th. For the two others nothing is known 
about the duration of pregnancy. 

Specific information about the amount 
of amniotic fluid was available for two 
vases only; it was normal in amount. 

Six of the children were born in breech 
presentation, 3 in vertex presentation and 
in 1 case the mode of presentation was not 
recorded. 

Symptoms in the Child 

Apart from Case 7B, we personally ob- 
served only one of the children in this 
group. Two of the children (Cases 12 and 
13) survived the neonatal period and died 
with renal insufficiency at the ages of 1.5 
and 4 months, respectively. The remaining 
six children died within a few hours of 
birth. 

In this group the only other malforma- 
tion we observed was a case of occipital 
meningocele and a contributory cause of 
hemorrhage in 


death intracranial 


Case 11 and hemolytic anemia of new- 


was 


borns in Case 9. 

Also in children with this type of cystic 
kidneys the condition appears to have a 
two families two 


familial incidence, in 


siblings were affected. 
Group III 
Kidneys in this group are hypoplastic 
and have cysts of varying size. Occasion- 
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ally they become as big as plums an( 
then they deform the organ. Although th: 
parenchyma always is hypoplastic, ‘he 
kidney may have a considerable total 
weight owing to the presence of very larg 
solitary cysts. The uriniferous passages in 
some cases exhibit severe malformations 
for example folded or dilated ureters o 
absence of ureters (Fig. 11). 
Microscopically the cysts are lined with 
a squamous or cubical epithelium and sur- 
rounded by fairly much connective tissue. 
As a rule one sees only small areas in which 
there are a few mostly immature glomeruli 
and, in association with these, occasional 
tubular structures (Fig. 11). In some cases 
cartilage was found in the parenchyma. 
Included among the hypoplasias by 
Bell (2), this type of kidney is identical 
with Staemmler’s third type. It resembles 
in many respects the “dysplastic” cystic 
kidneys in children described by Schwartz 
(26). (Cf. also Parkulainen, and Ericsson 
et al.) 


Clinical Data 


Four boys, two of them uniovular twins. 
from three families belonged to this grovp. 


Pregnancy and Parturition 


One of the children was born in he 
39th, the others before the 36th we 

No information regarding the amo nt 
of amniotic fluid is available in any of he 
cases. Micturition definitely occurrec in 
the twins who died after 4 and 7 days. ‘he 
other children died within one hour. 

The pregnancies without exception p- 
peared normal and the children wer: all 
born in vertex presentation. 
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Fig. 11. Polycystic kidney. Group III. ~ 6. 


Fig. 12. Glomerular type of polycystic kidney. x 150. 
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Symptoms in the Child 

One of the twins (No. 16A) had hydro- 
nephrosis on the right side in addition to 
cystic kidneys. Moreover, urinary tract 
malformations were observed in the other 
children of this group. 

In the first of the twins (No. 16A) the 
existence of renal lesions was not suspec- 
ted. But as cystic kidneys were found at 
autopsy, an N.P.N. analysis was made on 
the second shortly before death, the value 
being 89 mg%. The first twin died after 
a convulsion, the second in conjunction 
with a cyanotic attack. Both twins suffered 
from respiratory difficulties and had re- 
peated attacks of cyanosis. 


Group IV 

To this group were assigned four cases 
that could not be classified under any 
other group on account of the histological 
picture. In two cases the cysts micro- 
scopically consisted of dilated glomeruli, 
the kidneys accordingly being equivalent 
to Potter’s glomerular type of cystic 
kidney (Fig. 12). In one of these two cases 
no information was available regarding the 
size and gross appearance of the kidneys, 
in the other they were unequally large and 
weighed 8 and 260 g respectively. In one 
of the other two cases the kidneys were 
small and had some cysts in the cortex. 
Microscopical examination disclosed a 
cortex and medulla with, on the whole, 
normal histology, large numbers of mod- 
erately dilated tubular structures being 
visible along the cortico-medullary border 
and in the cortex. 


Clinical Data 


This group comprised one boy and three 
girls. The mothers had apparently normal 
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pregnancies. One of the children \ ith 
glomerular cysts died a few hours aiter 
parturition, the other at the age of jive 
years of renal insufficiency. The laiter 
child had amaurosis and a cerebral n.al- 
formation. 


Cystic kidney cases not examined 
histologically by us 


Histological examination of the kid- 
neys from 15 children could not be carried 
out because microscopical slides were iot 
available. However, all the children con- 
cerned had been autopsied at the local 
hospital, so the diagnosis of cystic kidneys 
had at any rate been made by gross in- 
spection. In those cases where histological 
information was available we dared not 


f 


use it as a basis for classifying the cases 


into our groups. 


Discussion 
Morphological remarks 


Neonatal and infantile polycystic kid- 
neys exhibit a great variety of gross and 
microscopic pictures. Yet few authors 
have attempted to distinguish between 
morphologically different types. Sanchez- 
Lucas recognized two distinct varietic. of 
neonatal cystic kidneys, namely one t ‘pe 
where the kidney usually is of normal _ ize 
and has large cysts—similar to our Gi 
another type where the kid ey 


up 


is hyperplastic, usually enormously 
larged, and has small cysts and a spc sv 
consistence (rein d’éponge)—identical th 
our Group I. 

Potter (22) distinguished two diffe: it 
main types: one where the amount of « "- 


nective tissue is normal and anot ° 
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With TABLE 1. 
A; ter — 
live Presentation 
} Breech = B 
Liter Birth Weeks Vertex=V Sur- Kidney Affec- 
mal. | weight of Caesarian vival weight Other No.of ted 
No. Sex g gest. section=C.S. time Right Left malformations sibs sibs 


Group 7 


| 1A 9° 3.190 37 B 3h 250 Liver cysts 3 ] 
DB 2 2.500 36 B lh 250 mae, 3 1 
2A 2 3.690 38 B lh 450 Liver cysts, 6 ] 
pancreatic cysts 
kid- 2B 4.200 35 V Deadat Very enlarged Liver cysts & “-4 
part. 
ried 3 3.600 37 4h 195 210 
not 4 2.500 36 B Lh 250 = Lo 
5A 3.290 39 lh 460 Fibrosis and duct 3 
dilatation of liver 
ocal and pancreas 
5B 2.900 39 B lh 330 3 
6 3.360 40) V 2h 105 108 and | 0 
in- sigm. stenosis 
vat § 
7A ; 2.410 35 B 4h ? I l 
not 7B Alive 
SES SA 3 2.560 34 V 4h Large — l l 
SB 3.310 39 B lh Large — l l 
5 2.700 35 5 min. ? Erythroblastosis l 0 
10 : 3.220 38 B 1 min. 400 - 2 0 
1] 3 2.420 37 B Zh Large ans 0 0 
12 3 2.770 ? ? 3m 100 100 — l 0 
13 : 3.350 ? B 4m Large . 1 0 
14 : 2.850 36 V Th 80 80 Meningocele 4 0 
polydactyli 
15 33 2.560 34 Vv lh 0 140 : 4 0 
ind 16 $ 3.570 39 V Dead at Large —_ 0 0 
Ts part. 
I7A 3 2.600 36 V id Norm. Small — 2 I 
en 7B ¢o 2.190 36 Vv 4d Small 2 l 
Group IV 
of 
18 : 2.325 38 B 2h 8 260 : 0 0 
pe 19 : 4.100 40 2 5y ? ? Cerebr. malfor- 1 l 
ize mation 
20) : 3.000 38 V lh 400 2 0 
up 21 3 2.200 34 V 2m Small Z 0 
ev 
histologically examined 
m | 2 2.740 36 B Lh Large . l 0 
sy 23 3 2.250 34 V 1/2h 0 
4 24 : 4.500 41 C.S. ] min. Large Mongol 0 0 
th 25 $ 2:720 365 B Lh 2 9 — 0 0 
26 5 1.600 30 B 1 min. Small Hydroureter 2 0 
27 2.540 35 B Dead at Very enlarged - 2 0 
it part. 
1- 28 $ 1.550 37 B 3h 0 Small Mongol 3 0 
™ ; 29 1.880 31 V Dead at 650 Encephalocele 0 0 


part. 
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(Table 1 cont.) 
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Presentation 
Breech = B 


Birth Weeks Vertex=V Sur- Kidney As fee. 

weight of Caesarian vival weight Other No.of ied 
No. Sex zg gest. section=C.S. time Right Left malformations — sibs sibs 
30 3 2.500 ? V lh Large — 1 1) 
31 3) 2.340 37 ? 5d Large Hydronephrosis l 0 
32 ; 3.520 40 V 3m Norm. Large Hydronephrosis 1 0 
33 3 2.050 32 Vv 2d as Hydronephrosis, 0 0 

Stricture of ureter 

34 3 3.590 ? ? ly Small Hydronephrosis 2 0 
35 3 3.170 ? ? ly Small — 1 0 
36 <) 3.660 ? ? 2y Large Hydrocephalus 2 0 


where it is greater than normal. In the 
first category the cysts may consist of 
either dilated and elongated tubules (our 
I) 


glomeruli (similar to cases in our Group 


Group or—but never and—dilated 
IV). In Potter’s second category the cysts 
are of tubular origin (our Group II). 

Using a somewhat different basis for clas- 
sification, Staemmler (30) distinguished 
of 


cystic kidneys. The first type is charac- 


three types neonatal or infantile 
terized by a very large kidney closely 
resembling that seen in the adult form of 
the disease (our Group IT); the second type 
exhibits a moderately enlarged kidney of 
spongy consistence (similar to Sanchez— 
Lucas’ rein d’éponge and our Group I); 
the thivd type is a hypoplastic kidney of 
irregular configuration (included among 
the hypoplasias by Bell and our Group 
III). 

The most probable reason why different 
principles for classification have been 
employed would seem simply to be that 
the material available to the various in- 
vestigators frequently are too small. In 
most papers dealing with “large” ma- 
terial the histology has not been fully 


described. 


Cysts in other organs 


As many authors have pointed out 
(for example, see Potter), subjects with 


cystic kidneys frequently have eysts in ) 


other organs as well, most often in the 


liver but also in the lungs and pancreas. | 


In our material the findings of cysts in 
other organs are strictly limited to cases 
belonging to Group I. In this group we 
have by microscopical examination ob- 
served a proliferation of bile ducts and 
periportal cirrhosis in all examined cases 
who did not exhibit gross cysts in the liver. 
These findings are in agreement with 
Potter's. 


fibrosis and duct dilatation in pancreas in 


Moreover, we observed 


two cases belonging to Group I. 


Pathogenesis 

Numerous papers have been devote to 
the formal genesis of cystic kidneys. “he 
problem has been attacked along two ) iin 
lines. Either the type of the cyst ep: ‘e- 
lium as it appears under the micros: ‘pe 
has been used to trace the origin of he 
cysts to certain structures, or microdi: °¢- 
tion and serial sectioning with subseq -nt 
reconstruction have been employed ir it- 
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tempts to derive the cysts from the various 
components of the nephron. 

Using the reconstruction method in two 
cases of neonatal cystic kidneys, Lambert 
(18) discovered that the cysts were of glom- 
erular, tubular and possibly also col- 
lecting tubule origin. He stated that the 
cystic nephrons invariably were separated 
from their “secretory tubules’. 

Bialestock (3) applied the microdissec- 
tion technique in one case of cystic kidneys 
from a prematurely born child, finding 
that most of the cysts were derived from 
the glomerules and some most likely from 
the tubules. Also the non-cystic nephrons 
exhibited changes in the form of short, 
irregular and thin-walled tubules. Biale- 
stock was unable to confirm Lambert's 
observation that the cystic nephrons 
lacked communication with the collecting 
tubules. 

As it is impossible to tell from the 
morphological observations reported by 
these two authors what type of cystic 
kidney they investigated, their cases can- 
not he fitted into the classification adop- 
ted hy us. Most likely they were observing 
quite different types of cystic kidneys. 
Nevertheless, although they warrant no 


, generalized conclusions regarding the for- 


mal venesis of cystic kidneys, their find- 
ings do indicate that the cysts may origi- 
nate ‘rom different parts of the nephron. 

Diflerent types of cysts can seldom be 
recog ized solely on the basis of histologi- 


‘cal anpearances. The large majority of 


cysts are lined with either cubical or 
pave ent epithelium lacking charac- 
terisi» morphological features. The ap- 
peary ce of such epithelium obviously 
prov es no clues as to whether the cyst 
origi ‘tes from a particular part of the 
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nephron. The histological appearance is 
specific only in those cases where one de- 
finitely sees glomerular cysts with glomer- 
ular coils in the wall and also in those 
cases where the cysts are tubular and occur 
together with cystically dilated tubules and 
fully normal tubular structures. 

Such morphological observations com- 
bined with known facts about the normal 
evolution of the kidney have been the basis 
for many published theories regarding the 
genesis of cystic kidneys. As early as 
1894 Hildebrand (12) presented the the- 
ory, which was later supported by Rib- 
bert (24), that various nephronic compo- 
nents arising from the metanephrogenous 
blastema receive no communication to the 
collecting tubules so that urine secreted 
from the glomeruli is not drained away and 
accumulates in the nephron which ulti- 
mately leads to the formation of a cyst. 

Kampmeier (13) expressed the opinion 
that the first generations of glomeruli 
formed in the kidney normally degenerate, 
a process which often can give origin to 
small residual cystic structures. The causa- 
tive factor of polycystic kidney might 
thus be exaggeration of the normally oc- 
curring, mild cystic degeneration of em- 
bryonic glomeruli (14). 

Other authors have drawn attention to 
the possibility that interstitial inflamma- 
tion might cause occlusion of the tubules 
(1). 

Cystic kidneys have also been inter- 
preted as a neoplastic abnormality sec- 
ondary to pathological epithelial prolif- 
eration in the tubules (5, 30). 

As pointed out by a few authors who 
have classified various types of cystic 
kidneys, there is no reason to believe that 
all types necessarily must have either the 
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same etiology or the same formal genesis 
(22, 30). Potter studied 50 cystic kidneys 
from newborns and infants without finding 
anything in support of either of the two 
most common theories regarding the eti- 
ology of the abnormality. She pointed out 
that abnormal development of various 
parts of the nephron may produce aber- 
rations of a type that would enable cysts to 
be formed. As other organs too, often ex- 
hibit changes with formation of cysts, the 
process seems to be one that is not con- 
fined exclusively to the kidneys. This ap- 
plies particularly to cystic kidneys of 


Group I in our classification. 


Etiology 


Occasional cases have been described in 
which the mother of a child with cystic 
kidneys had german measles during preg- 
nancy (19). In our series only two of 36 
mothers had been exposed to german mea- 
sles during pregnancy (in the 2nd and 4th 
month respectively) without clinical signs 
of infection. One mother had erythema 
nodosum in the 2nd month, the others 
were all healthy during the first half of 
pregnancy. It can safely be assumed that 
any viral disease occurring during preg- 
nancy would have been noted, at least in 
the mothers of children born later than 
1950, because after that year viral diseases 
in pregnant women have attracted parti- 
cular interest in this country. 

Although many authors have postulated 
that cystic kidneys in infants are inherited 
recessively (6, 29, 33), no study seems to 
have been carried out on a morphologi- 
cally uniform material. The present phase 
of our researche concerning cystic kidneys 


includes superficial genealogical analysis. 


PER M. LUNDIN AND INGEMAR OLOW 


The preliminary investigation—consi: ting 
of simple interviews with the parer ‘s— 
disclosed no evidence of cystic kid ieys 
occurring in ancestors or relatives, noi 
did it provide proof of any consangui ious 


marriages. 

However, when in the Group I ‘yp 
malformation, the children are 
unviable and die within a few hours aufter | 
birth, 
recessive heredity must be assumed. Our 


where 


there is a familial occurrence. a| 
Group I includes 9 cases of polycystic, 
kidneys among 21 sibs. When the figure: dren 
are treated for the selection bias in prin- eontr; 
Gre 
rected figures will be 6 affected among 27 ibs. 
sibs (Table 2). lected 
Thus, the affected comprise 22.2% of all’ the k 


ciple according to Weinberg (32) the cor- 


sibs, corresponding to the expected 25%) paren 
is as good as can reasonably be de-| cases 
manded. It has consequently been show Rises 3 
that the manifestation frequency in ow 
Group I agrees with the assumption of the 


use th 
dity. 
heredity of a single recessive gene. The stood. 
risk for a family with this recessive vene/ ument 
of having an abnormal child is accordingly someti 
one in four. The prognosis for the affected 

child is grave. For siblings who do not ex- 

hibit the clinical symptoms described in 

the foregoing and do survive the first day ) 1. Ar: 
or days the risk of their having cystic 
kidneys is nil but, in accordance wit) the 9 x,,, 
above assumptions, two thirds othe 
healthy children will carry the gene. 

In practice this implies that when « cas 
of cystic kidneys of Group I has occurred) 4p, 
the prognosis for subsequent child :n | 
reasonably favourable and so the pa ents. 5, p 
provided they are aware of and 1 ider- 
stand the risks involved, need nt be ¢ 7 
cautioned against having any mor: chil: 
dren. Notably, however, the health: chil} 


i 
| 
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- ting TABLE 2. Group I. Correction for the selection bias according to Weinberg. 
No. of Affected Unaffected 
in Conductors children (A) (U) A (A-1) AU 
1 A,B 4 2 2 2 4 
ZA, B b 2 5 2 10 
3 2 0 
are 5 A,B 4 2 2 2 4 
afte 6 1 0 
i. Total 21 9 12 6 21 
Our} 


vures dren should be strongly discouraged from 
prin- contracting consanguinous marriages. 
cor! Group IL includes 10 cases among 19 
if 27 sibs. After correction as above the af- 
fected comprise 18.1%. As, in this group, 
of all? the kidneys have a more or less intact 
25° | parenchyma enabling the subjects in some 
> de cases to live for weeks or years, and we 
howt| have investigated only few sibs, we cannot 
1 Ou!) use this figure as a proof of recessive here- 
f the! dity. Thus the heredity is not fully under- 
The stood, but the familial occurrence is doc- 
vent? umentated and the affected child can 
ingly sometimes live for quite a long time. 
ected 
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This must be considered in discussing ad- 


ditional children with the parents. 


Summary 


Twenty-eight cases of polycystic kid- 


neys in newborn, infants and children 


have 


been investigated clinically and 


histopathologically. Three more or less 


distinct morphological types of polycystic 


kidneys are described and in addition single 


cases of deviating appearance. The clinical 


and hereditary aspects are discussed. In 


Group I (spongy kidney) a single gene 


recessive heredity has been proved. 
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SUMMARY OF SUPPLEMENT 


Studies of Hypothyroidism in Children 


by HENNING ANDERSEN 


(Supplement 125) 


In the introduction, hypothyroidism in 
children is defined as any hypofunction 
of the thyroid gland which affects the 
growth and development of the child. 
The designation is used to describe the 
clinical picture throughout the whole 
course of childhood, 
names as congenital and acquired myx- 


instead of such 
oedema, cretinism, ete. Athyrosis is the 
most severe degree of hypothyroidism. 
The work consisted in the main of 
examining a series of hypothyroid children 
by means of tests with radioactive iodine, 
supplemented by other studies, in the 
first instance examinations of the bones 
and teeth. The aim was, first to arrive at 
as carly and sure a diagnosis as possible, 
and secondly to try and sort the hypo- 
thyroid children into as uniform groups as 
possible, according to type and degree of 
thyroid defect, with the intention of ar- 
riviny at an improved evaluation of the 
progress, the effect of treatment, ete. 
Chapter I gives the history of hypo- 
thy: 
etio! 


idism and the various views on its 
The literature on the mental 
prog iosis for these children is also reviewed 
her. this being the most important and 
mo- discussed clinical problem. 

( apter II reviews studies of the uptake 
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of radioactive iodine (I'*!) in euthyroid 
children. The author’s own procedure is 
described. (Minimal, 0.25-2 ye., doses of 
[31 have been used, far less than in most 
other studies.) In 44 euthyroid patients 
aged 8 months to 17 years, whose symp- 
toms had suggested hypothyroidism, the 
mean percentage uptake of I!3! was found 
to be 43.5+1.5 after 24 hours, with a 
standard deviation of 9.7. 

Chapter III discusses previous studies, 
including those by the author, on the 
uptake of I'*! in hypothyroid patients. 
The author’s material comprises all those 
children with primary (thyrogenic) hy- 
pothyroidism, examined by means of 
the above-mentioned technique at Queen 
Louise’s Children’s Hospital during the last 
five years. Cases of secondary (hypopitui- 
tary) hypothyroidism are not included in 
the present material. Three groups could 
be distinguished: 

Group I: 24 children with very reduced 
or no uptake of I! over the thyroid 
gland. 

Group II: 14 children with exclusively 
ectopic, sublingual uptake. 

xroup III: 18 children with hypothy- 
roidism and goitre. 

This distribution deviates considerably 
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from what is found in other series. The 
reasons for this are discussed under the 
separate groups. 

Group I comprises patients with athyro- 
sis and hypoplasia of the thyroid gland. 
In these patients, the uptake of ['*! lies 
far below that of euthyroid subjects. 
Quite good correlation is found between 
the amount of radioactivity measured 
over the thyroid gland, and the age at 
onset of symptoms. 

As far as the mental prognosis is con- 
cerned, the results suggest that if athyroid 
children receive vigorous and_ regular 
treatment prior tu the fourth month of 
life, it would seem that at least some of 
them may achieve the level of normal 
intelligence. If the treatment is instituted 
after the fourth month, the chances of 
normal intelligence will be very small. 
Children with an ['*! activity over the 
thyroid gland of 10% or more are not 
usually diagnosed until after the first few 
years of life, and most often their intelli- 
gence will be normal. 

Among other features of the patients in 
Group I, it might be mentioned that no 
association has been demonstrated be- 
tween the age of the mother and lack of 
thyroid in the child. With few exceptions, 
the mothers have not suffered from disease 
of the thyroid during pregnancy. Preg- 
nancy and labour have generally been 
normal, although showing a tendency to 
“postmaturity”’. In two patients, a posi- 
tive toxoplasmosis reaction was found in 
mother and child. The significance of this 
is not clarified. 

The serum cholesterol value was gen- 
erally elevated in all three groups, while 
the protein-bound iodine in the serum 


was reduced, with some few exceptions. 
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A comparison of birth length, bine 
development and dental development in 
athyreotic infants in this material reve ils 
the interesting fact that bone and dental 
development prenatally retard:d, 
suggesting intrauterine hypothyroidism, 
while the birth length is normal or even 
above normal. The literature gives no 


are 


exact figures for the birth length in 
athyreotic children. The factors are dis- 
cussed which might contribute to the 
growth of the athyreotic foetus. Attention 
is drawn to the function of the foetal 
adrenal cortex. 

Chapter IV reviews the foetal develop- 
ment of the thyroid gland, particularly its 
descent from the root of the tongue to its 
final site in the front of the neck. 

Group II: 14 patients are then described 
in whom non-palpable, sublingual, ectopic 
thyroid tissue was the sole site of uptake of 
[31, The author demonstrated this foetal 
malformation in an infant with “‘congeni- 
tal” hypothyroidism of rather slow pro- 
gression. It was demonstrated - elsewhere 
that a condition such as this could be the 
cause of some cases of ‘acquired’ hypo- 
thyroidism. 

As a result of systematic examination of 
all chiidren without [}'%! uptake over the 
normal site of the thyroid gland, the mal- 
formation described was found in 14 of a 
series of 56 hypothyroid patients exam- 
ined, and may therefore be regarded as not 
nearly so uncommon as previously °s- 
sumed. Children of this type present th: ir 
symptoms somewhat later than the «t- 
hyreotics, and the prognosis is correspond- 
ingly better. In other respects, the gro 'p 
can with the Group I 
hypoplasias of the thyroid gland. 

The sex distribution for Groups I and ‘I 


be associated 
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together is that usually given in the litera- 
ture: twice as many girls as boys. How- 
ever, if the cases diagnosed before the age 
of 6 months are considered, the distribu- 
tion is found to be equal between the sexes, 
while for the cases diagnosed after the age 
of 6 months, the proportion is still about 
twice as many girls as boys. Grouping a 
number of similar series together, the 
same difference is apparent, and appears 
to be significant at the 5 per cent level. 

Chapter V commences with a description 
of the normal hormone production of the 
thyroid gland, and the disturbances in the 
production, either as a result of lack of 
iodine (endemic cretinism), or disturbances 
of hormone synthesis on account of con- 
genital enzyme defect and the like. 

Group III: The author describes 18 
patients with hypothyroidism and goitre, 
and attention is drawn for one thing to the 
pronounced familial disposition and to the 
occurrence of a large number of deaf-mute 
children (about 4) in this group. The 
reason for this is discussed. At the time of 
diagnosis the children in Group IIT are on 
the average older than the children in 
Group I. The age distribution is illustrated 
for all three groups. 

The various uptake curves for [%! are 
discussed, and the histological findings 
described in some thyroidectomized pa- 
tients in this group. 

(Chapter VI, on the basis of a review of 
the literature, discusses hypothyroidism 
as a sequela of extrathyroidal enzyme 
deft, and hypothyroidism as a sequela 
of -uto-immunization (Hashimoto’s stru- 
ma. 

‘ lapter VII discusses the relationship 
“simple” goitre and hypothy- 
roi ism with goitre. The author’s studies 
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of 28 euthyroid children with goitre are 
discussed, with an account of familial in- 
cidence, uptake of I'*!, content of protein- 
bound iodine in serum, ete. 
Chapter VIII the 
changes in hypothyroid children. The 


discusses X-ray 


typical epiphysial changes in the long 


bones, the ““dysgeneses’’, are mentioned, 
together with the diagnostic significance 
of these Further, 


described of a type of euthyroid child of 


findings. cases are 
hypothyroid habitus, with ““periperal dysos- 
tosis” of the toes, a condition apparently 
not previously mentioned in the literature. 
These children had all been erroneously 
regarded as hypothyroid. 

The X-ray changes in the spine are 
described, both the localised deformities 
at the transition between the lumbar and 


thoracic spine and—more characteristic 
the general retardation of the spine. These 
changes progress more or less parallel with 
the retardation in the peripheral bone 
development. A spinal type of “‘dysgen- 
esis” of the vertebral body was described 
by the author in 1954. These findings are 
discussed. 

The roentgenological picture of the 
cranium in hypothyroidism is described, 
with particular reference to the size of the 
sella turcica, and the significance of this 
is discussed. 

An unusual case is presented of ap- 
parent, temporary osteopetrosis in an 
athyreotic infant, who at the same time 
showed persisting changes in the enamel 
of the teeth. 

Chapter IX reviews the author’s studies 
of the teeth in hypothyroid children. It is 
stressed that the size, number and shape 
of the teeth are normal, whereas the ena- 
mel is hypoplastic and dysgenetic. This 
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fits in with the times for the appearance 
of the tooth ‘anlage’, enamel formation 
and foetal thyroid gland function. Studies 
of the frequency of enamel hypoplasias 
(present in about 80 per cent of the hypothy- 
roid children examined) may be used, for 
example, to estimate whether hypothyroidism 
has been present prenatally, as such changes 
(acquired in utero) are very rarely observed 
in normal children, or in children with 
other diseases, and the changes do not 
disappear during thyroid treatment. 
Dental development is, in general, less 
sensitive to changes in the thyroid status 
of the organism than bone development. 


The same is also the case for other hor- 


mones, for example sex hormones aad 
adrenocortical hormones. 


Chapter X describes previous studies of 


foetal I'3! uptake in man. The conclusion 
of the author’s studies is that the foetus 
takes up [*! in the thyroid gland—lut 
not in demonstrable amounts at other sites 
—from 12th-14th 
pregnancy, and that the gland appears to 


about the week of 
be very active. 

The final remarks discuss in particular 
the question of early diagnosis, together 
with the possibilities of genetic prophy- 
laxis and intrauterine treatment of the 
foetus by treating the mother. 
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The Pediatric Society of South Sweden 


Meeting, May 8, 1960 


R. Zetterstrém: Hypoglycemia in Children. 
(Will be published elsewhere.) 


Per Kéhlin: Neurologic Symptoms Among 
Juvenile Diabetics. 


Of 100 diabetic children born since 1943 
examined at Gothenburg’s Children’s Hospi- 
tal § had on one or more occasions grand 
mal seizures. These had occurred in connec- 
tion with hypoglycemia as well as without 
any certain hypoglycemic symptoms. At the 
time of the seizures in all 8 children their 
insulin supply was poorly regulated. They 
frequently had pronounced glycosuria at the 
same time as insulin reactions. The disposi- 
tion to seizures decreased or disappeared 
when the insulin dose, in spite of the glyco- 
suria, was reduced. Thus, the possibility of 
overinsulinization as a cause of the seizures 
appears good. The insulin-induced hypo- 
glycemia can cause a discharge of adrenalin, 
which in turn leads to increased mobilization 
of glucose (Somogysis: Amer J Med, 26: 1, 
1959). It is possible that repeated hypo- 
glvcemie attacks produce cerebral lesions 


which increase the patient’s disposition to 
seizures. Changing the type of insulin did 


not have any definite influence on the 
seizures. Peroral preparations have not been 
employed. EEG examinations, occurrence 


of convulsions prior to the onset of diabetes 
and the heredity of the patient yielded no 
certin evidence for the diagnosis of epilepsy. 
However, the EEG examinations revealed a 
hig! frequeney of unspecific abnormality 
anc in two cases paroxysmal activity among 
the 4 children with convulsions and the 26 
oth » children with labile diabetes. This has 
bec previously observed in older diabetics 


an their relatives (Izzo: Diabetes, 2: 93, 


1953; Greenblatt: New Engl J Med, 234: 119, 
1946; Andersson—Kirstein: Die Medizinische, 
1: 13, 1959). No focal EEG changes were 
noticed. The EEG changes may be a mani- 
festation of a posthypoglycemic encephalo- 
pathy, may be due to genetic factors or in 
older patients with focal changes may be a 
sign of changes in the cerebral blood vessels. 


G. Berglund and B. Lindquist: Generalized 
Diseases of Bones in Children. (To be pub- 


lished in Nord Med.) 


S. P. Fallstrém and T. Reinand: Gastric 
and Duodenal Ulcer in Children. Clinical 
and Psychiatric aspects. 

A series of 36 children with proven peptic 
ulcers has been reviewed, and a number of 
the most recent cases were made the object 
of special psychiatric-psychologic examina- 
tions. Thirty-five children were of school 
age. There is a marked predominance for 
boys. The frequency of ulcers seems to have 
increased in older children. These children 
often have a strikingly typical ulcer anamne- 


SIS 


Complications have consisted of hemor- 
rhage in 5 cases and stenosis in 2 cases. The 
immediate therapeutic results have been 
satisfactory in most cases. The frequency of 
recurrence, however, is high. Constitutional 
and hereditary factors are significant for the 
occurrence of ulcers in children. Various 
characteristics connected with the disposi- 
tion to ulcers are common among these 
cases. The 


equally conspicuous. Neurotic characteristics 


environmental factors are not 
or emotional disturbances could not be de- 
monstrated to any greater exent in these 
children. 

Per Selander, Malmé 
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Swedish Pediatric Society 


Meeting March 11, 1960 


A. Alvin and R. Tunell: Sternal elevation — 
an attempt to treat pulmonary atelectasis 
in newborns 


In newborn infants and particularly pre- 
matures the fragile and soft thoracic cage 
may result in pronounced retractions of the 
lower third of the sternal region, especially 
in those infants with pulmonary atelectasis. 
This condition has been compared to that 
seen in patients with the crushed chest 
syndrome in whom sternal elevation has 
proved beneficial. We have therefore treated 
All 


had generalized cyanosis, pronounced retrac- 


five newborns with sternal elevation. 
tions of the lower third of the sternal region 
and roentgenological evidence of pulmonary 
infiltrations. 

Technique. A double peafil-string suture 
was placed through the periosteum of the 
sternum immediately above the ensiform 
process. The suture was attached to the top 
of the incubator by a rubber board and the 
tension so adjusted that the thoracic cage 
assumed a normal shape. The sternum was 
kept in this position for 48 hours; in two 
infants treatment was reinstituted a few 
days later because of recurrence. In three 
of the 


were good. These infants had birthweights 


five infants the immediate results 
of 3500, 2170 and 2060 g. In two there was 
a fall in the respiratory rate and in all three 
there was a clear clinical improvement after 
the application of the thoracic elevation. In 
the other two cases the treatment was with- 
out any clinical effect and the children died 
within 2 days after birth. Post-mortem ex- 
amination revealed hyaline membranes in 
both and one had an intracranial haemor- 
rhage as well. It is our intention to continue 
using sternal elevation in newborn children 
with the triad of general cyanosis, marked 
retractions of the lower third of the sternal 
region and roentgenological signs of pul- 
monary atelectasis. The management may 
preferably be restricted to children with a 
birthweight of more than 2000 g. 


A. J. W. Hagstrémer: Paternal age «nd 
““fetopathy” 

Advanced paternal age has been shown to 
be a feature in the etiology of achondroplasia 
(L. S. Penrose, 1957, and W. Lenz, 1958). 
A prospective investigation to evaluate the 
relation between paternal age and “‘feto- 
pathy in general” has therefore been carried 
out. The term “‘fetopathy” as used here in- 
malformation, stillbirth, 
death and/or intracranial hemorrhage. ‘The 
occurrence of fetopathy at advanced pater- 


cludes neonatal 


nal age (i.e. the supposed father over 50 
years of age) was compared to that found at 
low paternal age (i.e. the supposed father 
under 50 years of age) in a control material. 
In both groups the mothers were of the same 
age, parity and social status. The offspring 
of unmarried mothers were excluded from 
the study. The incidence of fetopathy in the 
group of 341 fathers over 50 years of age 
was found to be 6%. In the offspring of 762 
mothers married to men less than 50 years 
of age the incidence of fetopathy was also 
found to be 6%. The influence of paternal 
age on the incidence of fetopathy registered 
at birth is thus too slight to be detected in the 
present quantity of data. 


A. Alvin: Successful treatment of listeriosis 
in newborns 


Two cases of listeriosis in newborns are 
presented. The symptoms were those usiial 
for this age, i.e., acute meningitis and sepsis. 

Case 1: A girl, born 6 weeks before term, 
weighed 2420 g at birth. During pregnancy 
the mother had several episodes of bleeding 
at the time of expected menstruation. From 
the tenth to the third day prior to delivery 
she had a septic fever with conjunctiv is. 
but had no signs of upper respiratory ‘n- 
fection, or headache. No treatment © as 
given. On the second day of life the ini nt 
became cyanotic and was admitted to he 
Sachs Children’s Hospital. Multiple © in- 
point erythematopapular lesions were 
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sent over the entire body. Treatment with 
tetracycline was instituted at once and con- 
tinued for eleven days. Lumbar puncture 
revealed 580 white cells per mm, of which 
560 were mononuclears. The recovery was 
uneventful. Three weeks post-partum sero- 
logical examination of the mother revealed 
an agglutination titer of 1/64 against Listeria 
monocytogenes and a CF titer of 1/160. One 
month later these values had fallen to 1/32 
and 1/15, respectively. The infant was sub- 
sequently examined at six months and ap- 
peared well. 

Case 2: A full-term male infant, the pro- 
duct of a normal delivery, was admitted on 
the second day of life because of cyanosis. 
Multiple maculopapular lesions were present 
over the body. Examination of the cerebro- 
spinal fluid revealed 2400 white cells per 
mm and Listeria monocytogenes was isolated 
on culture both from spinal fluid and from 
the pharynx. Treatment with chlorampheni- 
col (12 days) and a sulfa preparation (3 
weeks) was instituted. The recovery was 
complete and on examination at six months 
of age the infant appeared well. The mother 
from the fifteenth to the sixth day prior to 
delivery had a slight common cold. Four 
weeks after delivery the mother’s serum 
showed an agglutination titer against Listeria 
of | 256 and a CF titer of 1/240. 

Listeriosis is considered responsible for 
about 


1% of neonatal deaths. Early diag- 


nosis and treatment appears essential to 
reduce the mortality figure as well as to 
prevent a possible nursery outbreak. Second- 
ary infection of other infants and of nursing 
personnel in the nursery has been observed 
by others. Diagnosis of listeriosis during 


preenaney is discussed. Treatment in- 


stituted at this time seems to protect the 
child against infection. 


Discussion: A. 
infection in mothers be transmitted to their 
subsequent pregnancies? 
Or is the risk only present when the infec- 


Wallgren: Can Listeria 


foetuses during 
tion is newly acquired as in toxoplasmosis? 
Could repeated abortions as in this case be 
caused by chronic listeriosis in the mother? 
— A. Alvin. Yes, there are case reports sug- 
gesting this. The theory is that the agents 
colonize in the vaginal mucous membrane. 
Seeliger has reported 8 patients with habitual 
abortions in whom serological evidence of 
Listeria infection was found. After antibiotic 
treatment 6 of the women gave birth to 
normal, healthy children. 


I. Alm, G. Rodhe and F. Edvall: Current 
social and medical problems in mothers’ 
homes 


Discussion: A. Wallgren: It is regret- 
table that all training schools for unmarried 
mothers in Stockholm are now transformed 
in mothers’ homes. These training schools 
gave these young unmarried and inexperi- 
enced mcthers a proper training for the care 
of their child and in house-keeping. In the 
past there was much discussion if mothers 
should be forced to stay in these institutions 
during the whole breastfeeding period or if 
they should have free choice of how long 
they want to stay in the institutions. 

The community now, unfortunately, has 
taken away a great part of the mothers’ 
responsibility as regards breastfeeding and 
I think we 
pediatricians agree that this trend is not 


the general care of the child. 


beneficial for the child. 


Meeting April 8, 1960 


B. ‘vemark and L. Strém: Cachexia resulting 
froin infundibuloma | 


he patient was born at term and devel- 
0} «| normally until the age of four months. 
“|. then became anorexic and lost weight. 
he age of seven months she was admitted 


to the Samariten Children’s Hospital in 
Stockholm. On examination she weighed 
4500 g, was poorly developed but was other- 
wise normal. Routine laboratory examina- 
tions of blood, urine and feces were also nor- 
mal. The electroencephalogram was sug- 


gestive of a right-sided brain lesion. She 
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remained in the hospital for 15 months and 


during this time gained only 2000 g. She 
died at the age of 22 months without any 


definite diagnosis having been made. On 
post-mortem examination a grey, lobulated, 
sharply demarcated, non-capsulated tumor 
the size of an orange was found in the region 
of the thalamus and the hypothalamus. On 
the 
moist and some areas were gelatinous and 


section, surface was homogeneous, 
vascular. On microscopic examination the 
tumor was highly vascular with uni- and 
bipolar cells containing fusi-form nuclei. In 
the gelatinous areas mucoid degeneration 
and large round cells with eosinophilic 
granules resembling histiocytes were found. 
Some eosinophilic round formations without 
nuclei were also detected but no deposition 
of mineral salts had occurred. The structure 
of this tumor corresponds to that described 
as an infundibuloma by Globus (J Neuro- 
Neurol 1:59, 1942). The clinical 
generally that of a diencephalic 


with onset in early infancy. The 


path Exp 
picture is 
syndrome 
course is often protracted and characterized 
by euphoria and cachexia. Endocrinological 
symptoms are rare. 


M. Gullmar and A. Roch-Norlund: A case 
of meningococcal meningitis with uncommon 
complications 


A ten-year-old, normally developed boy, 
who was known to have a systolic murmur 
possibly due to ventricular septal defect, 
became ill with symptoms of meningococcal 
meningitis and was admitted after two days. 
At 


but his general condition was rather good 


admission he had cutaneous bleeding 


and there were no signs of shock. Treatment 
was immediately started with large doses of 
penicillin and sulfa and after three days the 
temperature was normal and the skin lesions 
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healed. About 36 hours later fever recurred 
associated with signs of pleurisy, pericarditis, 
myocarditis and possible endocarditis, ind 
arthralgia and swelling of the large joints 
including the elbow. The antistreptolysin 
titre was 1100 IU/ml; however no hemol\tic 
streptococci were cultured from the throat. 
In about two weeks the patient improved, 
was afebrile and the ESR was only slightly 
elevated. The 
reduced but 10 days later the patient again 


antimicrobial dosages were 
developed high fever, arthralgia and signs 
of carditis. The doses of penicillin and sulfa 
without effect. 
which cortisone was added and the symp- 
The 


include: 1, 


were increased following 


toms quickly subsided. differential 


diagnostic possibilities septic 


metastases; 2. toxemia; 3, drug allergy; 4, 


toxie allergic reaction resembling rheumatic 


fever. 


Discussion: EH. Bengtsson: A case of 
meningococcal meningitis associated with 


arthritis and myocarditis was seen this fall at 
the Hospital for Infectious Diseases. Signs of 
residual cardiac involvement are still pre- 
sent. In 1953 during the epidemic of para- 
typhus fever among 800 consecutive cases of 
paratyphus fever, type Breslau, 10 patients 
had an associated polyarthritis with high 
sedimentation rate. None presented an 
elevated ASLO titer and none had any evi- 
dence of cardiac involvement either during 
the acute episode or at follow-up 4 to 5 
years later. There was never any reason to 
suspect rheumatic It 
‘are that any organism other than streptococ- 


cus is associated with rheumatic fever. ‘he 


fever. is extremely 


case presented here may be an exception. 
On the other hand, such marked elevat:on 
of the ASLO titer even if not significa: ‘ly 
difficult 
streptococcal infection. 


increased makes it to rule ow a 


Meeting May 7, 1960 


QO. Celander: Studies of the peripheral cir- 
culation in newborns. Published in Acta 


Pediat, 49: 488, 1960. 


O. Celander and -G. Thunell: Method 


or 


measuring the blood pressure in newh rn 
infants. Published in Acta Pediat, 49: / /7. 
1960. 
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J. Bjure, G. Lidén, T. Reinand and A. 
Vesiby: Follow-up study of icteric fullterm 
infants without hemolytic disorders, Will 
be published in Acta Pediat. 

L. Nilsson: Fanconi’s anemia and various 
types of this syndrome. Published in Acta 
Pediat, 49: 518, 1960. 
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H. A. Hansen, R. Jagenburg, B. Johansson 
and T. Reinand: Hemoglobinopathia M. 
Published in Acta Pediat, 49: 503, 1960. 

H. Forssman and O. Lehmann: Chromosome 
studies in mongolism. Published in Acta 


Pediat, 49: 536, 1960. 


Meeting Sept. 26, 1960 


Hypoglycemia in childhood (Symposium at 
the Children’s Hospital, Gothenburg). Mem- 
bers of the panel: O. Broberger, O. Lehmann 


and B. Redin. Moderator: Prof. R. Zetter- 
strém. Will be published in Acta Pediat, 
1961. 


Meeting Sept. 28, 1960 


Gavin C. Arneil (Glasgow): Traumatic ost- 
eodysplasia 


Ten infants (3 males, 7 
ages ranged from 1—24 months, are described 
in whom a degree of trauma varying from 


females), whose 


unrecognised to considerable led to a typical 
pattern. The condition was variously mis- 
diagnosed as neonatal osteitis, 
hemophilia, cortical hyperostosis, leukemia 
osteitis and congenital syphilis by senior 
experienced clinicians. The pattern of dis- 
order is a minor fracture involving the dia- 
physeal portion of the metaphysis. Extensive 
subperiosteal hemorrhage occurs and strips 
the loosed attached periosteum. Squaring and 
calcifying of the subperiosteal hemorrhage 
leads to gross deformity of bones which 
may take years to heal. Multiple deformities 
are common and may be seriatim rather than 


scurvy, 


concurrent. By a process of exclusion it has 
been concluded that this pattern may be 
due cither to undue trauma on a normal 
skeletal system or slight trauma where os- 
seous stability is impaired. The stages of the 
disease, an abnormal response of normal 
Osseols tissue, are: (1) traumatic damage to 


the Ciaphyseal plate, (2) considerable sub- 
perio.teal hemorrhage, (3) calcification of 
hemo-rhage and squaring of ends of bone, 
(4) b:varre pattern of metaphyseal structure 
and (4) recovery. 


W.1 Sweetnam (Huddersfield): Congenital 
fibro s of the liver as a familial defect 


Cc genital cystic disease of the liver is 


well <nown. A variant of the condition, 


congenital fibrosis of the liver, is becoming 
increasingly recognised. In congenital fibro- 
sis of the liver there is an increase of fibrosis 
in the portal tracts together with an excess 
of small bile ducts, the zonal pattern being 
otherwise normal. It seems likely that the 
progressive dilatation of the bile ducts and 
the attenuation of the fibrous tissue finally 
gives rise to the typical polycystic liver. 
There may be an associated polycystic 
disease of the kidneys (Melnick 1958, Parker 
1955) and of the pancreas (Ivemark ef al. 
1959). The syndrome may present at birth 
or may be an incidental finding at autopsy. 
Sherlock (1960) has records of two families 
in whom all the siblings are affected. This 
report describes the conaition in all three 
children of one family. Biopsy in each case 
showed a typical picture of congenital fibro- 
sis of the liver. The first two cases presented 
at the ages of two and five with hematemesis. 
The presence of portal hypertension, eso- 
phageal varices and portal-systemic collateral 
circulations were demonstrated by percu- 
taneous transplenic portal venography. Both 
children were protected from further hemor- 
rhage by porta-caval side-to-side anastamoses 
and have remained well for 6} and 7 years. 
One of these children has polycystic kidneys. 
The third child died at the age of six months 
from pyelonephritis due to polycystic kid- 
neys. It is suggested that congenital fibrosis 
of the liver is a genetically determined de- 
fect and may be dominant. 


Diabetes in cildren and adolescents (Sympo- 
stum at the Crown Princess Lovisa’s Chil- 
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dren’s Hospital, Stockholm). Members of the 
panel: Y. Larsson, G. Sterky, K. M. Herr- 
lin, T. Moller, U. Otto and B. Person. 


Meeting Sept. 29, 1960 


W. Gaisford (Manchester): The place of quad- 


ruple antigens in immunization 


Multiple antigens are essential in any mass 
immunization schedule and the advent of 
poliomyelitis vaccine has enabled the well- 
accepted triple antigen (D.P.T.) to become 
quadruple. There is already ample evidence 
that these four antigens can be satisfactorily 
combined. There are two main problems; 
the first is the earliest age at which immuni- 
zation can be started with the quadruple 
antigen. In our studies we have shown that, 
with the triple antigen, good results follow 
after three doses given at 1, 5 and 9 weeks of 


age, if the antigen contains aluminium 
phosphate. Unfortunately, equally good 


results have not followed poliomyelitis im- 
munization at this period of infancy, partly 
because of the inhibitory effect of placen- 
partly 
because of the poor antigenic property of the 


tally transmitted antibodies and 


existing Type I component of the vaccine. 
The second problem is therefore the provi- 
sion of a vaccine with a purified and con- 
centrated Type I component. We have been 
using such a product recently and the results 


so far are most promising; a three dose 


primary course is essential at this age, and, 
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Moderator: Prof. C. Gyllensward. The prin- 


cipal part of the symposium will be pub- 
lished in Acta Pediat. 


with added Type I potency, weno 
transmitted antibody inhibition can be sue. 
cessfully overcome. The booster response at 
1 year in infants receiving three doses oj! 
poliomyelitis vaccine at 1, 5 and 9 weeks oi 
age is excellent. There is no reason why 
quadruple antigen should not be given} 
routinely at 1, 5 and 9 weeks and a booster at 
1 year. This would enormously simplify the 
immunization schedule. 

In the 


said that pertussis was the most important 


discussion Professor  Gaisford 
of the four components in earliest infancy 
and that unfavourable reactions were mini-} 


mal at this age. The risk of pertussis in the} 


first 6 months of life was likely to be far 
greater than the risk of complications fol- 
felt 


strongly that pertussis vaccine should bi 


lowing immunization and _ he 
included in all the schedules of early im- 


munization. 


Ulcerative colitis in children and adolescents? 
(Symposium at the Pediatric Clinic of Karo- 
linska sjukhuset, Stockholm). Members of the 
panel: O. Broberger, L. Billing, R. Lager- 
erantz, H. Rosenqvist and U. Rudhe. Mo- 
derator: Prof. J. Lind. Published in part 
in Acta Pediat, 49: 810, 1960. 


Meeting Sept. 30, 1960 


J. Lorber (Sheffield): The development of 


hydrocephalus in infants born with me- 
ningo-myelocele and encephalocele 


Air ventriculography was routinely per- 
formed in a consecutive series of 115 infants 
who were born with meningomyelocele and 
encephalocele to determine the true incidence 
of hydrocephalus and to observe the prog- 
nosis of those who had a normal ventricular 
system in early infancy. The meningomyelo- 


cele had been repaired as a surgical «mer- 
gency soon after admission, mostly in the 
first week of life (81 infants or 70%) The | 
ventriculograms were performed wit! in 3 


weeks of this operation in 69 infants The 
average period between operation and v 
culography was approximately 30 _ lays. 
Hydrocephalus was found in 94 i) ‘ants 
(82%). The incidence of hydrocephalu was 
highest in infants whose meningomye ‘ocele 


involved the lumbar region (79 out f 9! 
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} (88°,)) in infants with paraplegia (72 out of 


78 (92° )), and in infants whose head cir- 
cumference at the time of the ventriculo- 
gran) was over the 90th percentile (61 of 64 
(95°,,)). The combination of all three of these 
factors showed that almost all such infants 
had radiologically demonstrable hydroceph- 
alus in early infancy. The incidence of 
hydrocephalus in infants whose meningo- 
myelocele did not involve the lumbar region 
or had no paraplegia was much less, but even 
in these, and even if the head circumference 
was small or normal, the incidence was still 
high (57% and 65%, respectively). None of 
the 21 infants who had no hydrocephalus in 
the neonatal period developed hydroceph- 
alus later. Their mental development was 
normal, except for the three who had an 
encephalocele. Repair of the meningomyelo- 
cele did not lead to the development of 
hydrocephalus in any infant. The hydroceph- 
alus. if present, is part of the neurological 
syndrome at birth and is not related to 
operative treatment, nor is it a delayed 
feature, although clinical signs may not be 
present for several weeks or months. 


0. H. Wolff (Birmingham): Veno-occlusive 
disease (seneciosis) and protein-losing enter- 
opathy 


In August 1958 a 24-year-old boy develo- 


ped generalised edema. ascites, pleural 
effusions and hepatomegaly. The serum al- 
bumin was 1.7 g/100 ml; the globulin frac- 
tions were also depleted with a gamma glob- 
lin of 0.3 g/100 ml. The hypoproteinemia 
the result of a deficient intake of 


protein. Tests of gastro-intestinal function, 


Was not 
a barium meal and enema and a jejunal 
were normal and malabsorption was 
thus unlikely. Tests of parenchymatous liver 
function were also normal and there was no 
prot: inuria. In January 1959 a laparotomy 
and 


biop- 


ver biopsy were performed. These was 


yell vish fluid in the peritoneum, the omen- 
tum was edematous, the spleen normal and 
the iver grossly enlarged with a smooth 
surt--e. The histology of the liver suggested 
the ‘iagnosis of venoocclusive disease. The 
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centrilobular veins were partially occluded 
by a loose collagenous reticulum in their 
walls. The surrounding sinusoids were dilated 
and engorged with blood. It then came to 
light that the patient was in the habit of 
eating various plants, his favorite being 
groundsel (Senecio vulgaris). With the object 
of preventing the development of cirrhosis— 
a recognised complication of veno-occlusive 
disease—the patient was given a course of 
prednisolone. The effect surprising: 
within a week of starting prednisolone in a 
dose of 25 mg daily, the serum albumin had 
risen from 2.2 to 4 g/100 ml. The globulin 
fractions took 3 weeks to return to normal. 
There was a quantitative relationship be- 
tween the dose of prednisolone and the al- 
bumin level, so that when the dose was 
reduced to 5 mg daily the albumin fell to 
3.2 g and when the dose was increased to 10 
mg the albumin rose again to 4 g/100 ml. 
After 3 months prednisolone dis- 
continued; the edema reaccumulated and 
steroid therapy had to be restarted. In 
March 1960 a repeat liver biopsy showed 
great improvement; the centrilobular veins 
were normal and there was only slight dis- 
tension of the sinusoids. While still on pred- 
nisolone the patient was given an intra- 
venous dose of [31 labelled polyvinylpyrro- 
lidone (P.V.P.). At the time of this test the 
serum albumin was 4 g/100 ml. Only 1% 
of the P.V.P. appeared in the 
feces; this is a normal result. Prednisolone 
was then discontinued and when the albumin 
level had fallen to 2.5 g/100 ml a second dose 
of P.V.P. was given of the 
dose appeared in the faeces. This gross leak- 
age of protein into the alimentary tract was 
considered to be responsible for the hypopro- 
teinemia. The response of the protein-losing 
enteropathy to steroids reminds one of the 


was 


dose of 


and 12.5% 


situation in nephrosis where the protein leak 
through the glomerulus responds similarly. 
The relationship between the protein-losing 
enteropathy and the veno-occlusive disease 
remains obscure. It is conceivable that some 
of the unexplained cases of protein-losing 
enteropathy will be shown to be instances of 
veno-occlusive disease (seneciosis). However, 
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another and possibly more likely explana- 
tion is that this patient suffered from pri- 
mary protein-losing enteropathy and _ that 
the constant drain of protein predisposed his 
liver to the toxic action of the pyrrolizidine 
alkaloid in the groundsel. 


PROCEEDINGS OF PEDIATRIC SOCIETIES 


Hemolytic anemias in the Pediatric age ; roup 
(Symposium at the Pediatric Clinic of Aka. 
demiska sjukhuset, Uppsala). Membe:s of 
the panel: L. Garby, C. Hégman. A. Kil. 
lander, S, Sjélin and C. de Verdier. Moder. 


ator: Prof. B. Vahlquist. Will be published 


in Acta Pediat, 1961. 


Meeting Oct. 14, 1960 


B. Hellstrém: Aspects of the diagnosis of 
rheumatoid arthritis in children (to be pub- 
lished in Acta Pediat) 


H. Herzenberg and V. Eskelund: The mor- 
phological development of pulmonary ar- 
teries during the first years of life 


In order to show the normal morphological 
development of intrapulmonary arteries 
during the first years of life, lung prepara- 
tions from 66 children ranging from birth 
to 5 years were examined microscopically. 
These children had died of disease not prima- 
rily affecting the respiratory or circulatory 
organs. The vessels were classified in four 
groups according to size and structure. Dia- 
meter of the lumen and thickness of the vessel 
wall were measured and the ratio between 


these two was calculated. At birth and 
several days thereafter, the pulmonary 


arterial bed has a characteristic appearance 
with narrow luminae and thick vessel walls. 
The ratio is low. During the first months of 
life the lumen enlarges and the vessel wall 
decreases in width, resulting in an increased 
ratio. This change takes place more slowly 
during the first weeks of life than later on. 
This helps to prevent a large left-to-right 
shunt through an open ductus which might 
left At 
catheterization and angiocardiography a 
left-to-right shunt through an open ductus 


result) in ventricular failure. heart 


has been shown to exist up to two weeks of 
age. As soon as the ductus has closed, the 
widening of the lumen and the thinning of 
the vessel wall occurs more quickly. After 
the fourth of life, 
occurs more gradually and by the eighth 


month this transition 


month of life has been largely completed. 


By then, the vessels of the lungs reseinble 
those characteristic of the adult, in whom 


the pulmonary vascular bed is adjusted toa, 


circulation with low resistance. 


P. Zetterqvist: Familial atrial septal defects | 


Data on several cases of atrial septal 
defect of the secundum type in one family is 
presented. The pedigree suggests a dominant 
mode of inheritance in four generations with 
eight certain and five suspected cases. In 


four cases the diagnosis was confirmed by 
anatomical inspection of the heart. three at 
the time of surgical correction. Cytogenetic 


studies have shown chromosomal aberrat ions 
varying in type in different individuals. 
These findings are similar to these reported ) 
in mongolism and suggest caryotypic and 
probable pathogenetic differences. In a 
healthy member of the family, an aber- 
ration in the form of a balanced trans!oca- 
tion has also been found. The pathogenesis 
aberrations is disctissed. 


of chromosomal 


L. Gottfarb, R. Lagercrantz and A. Lager:ahl: 
Sleep disturbances in infancy and carly 


childhood 


A child psychologist, a pediatrician and a 
public health nurse collaborated at the > orr- 
tull Well-Baby Clinic in Stockholm. F very 


fourth mother to children between the ges 
of 9 months and 4 years was asked i he! 


child had presented sleep disturbances v nich 
had troubled or disturbed the family. Nii ety- 
three mothers were asked and 89 answ red. 
Twenty-two (25%) stated that their chi Iren 


had had insomnia for at least 4 weeks d_ ring 
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the preceding 6 months. Sleep disturbances 
-pecially common below the age of 2 


were 

years. Difficulties in falling asleep were 
more common among boys than girls. The 
latter awakened more often at night. 


children had had insomnia for more 
months. Children with sleep distur- 


Most 
than 7 


hances were compared with those without 
in the initial sample as well as with a selected 
material of social twins without sleep dis- 
| turbances. The comparison was based on the 
mothers whose 


omble| results of interviews with 
whom telationship and attitude to their children 
i tog.Was graded. The results were analyzed 
statistically primarily with the “sign test’’. 
Social status, family situation or lodging 
was not found to have any significant effect 
efects| on the incidence of insomnia. A more or less 
significant relationship was established be- 
3 ee tween insomnia in the child and the following: 
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feeding difficulties, undue liveliness in the 
child, anxiety in the mother and inconsistent 
handling of the child. Several factors such 
as feeding difficulties, frequent infections, 
tiredness in the mother and inappropriate 
attitude toward the child were often present 
in the same family. Collaboration between 
child psychologist, pediatrician and public 
health nurse was found to be of significant 
value in the handling of these cases. 


R. Lagercrantz, Stockholm 


Erratum 


In order to avoid misinterpretation it 
should be noted that the word rubeola in the 
report of the Swedish Pediatric Society’s 
proceedings of Feb. 12, 1960 (Acta Pediat 
49: 653, 1960) German measles 
(rubella). 


means 


Acta Pediatrica 50: 214. March 1961 


ANNOUNCEMENTS 


The Nestlé and the Guigoz Fellowships 


These fellowships are granted every year 
to physicians who wish to perform special 
research work in the field of nutrition. The 
fellowships for 1960-61 will be awarded in 
the spring of 1961 by the International 
Children’s Centre, Paris. The candidates are 
requested to send the following papers to the 
Centre: (1) a curriculum vitae, mentioning 
work on biological and social problems con- 
cerning feeding and nutrition of infants and 
children, (2) a letter of introduction from 
one of their chiefs, (3) a description of the 
studies which they wish to pursue with the 
help of the fellowship. The candidates must 
have a sufficient command of the French 
language. Further information can be ob- 
tained from the Centre. Address: Chateau de 
Longchamp, Bois de Boulogne, Paris XVI. 


International Children’s Centre, Paris 


The following post-graduate courses and 
seminars will be organized by the Centre in 
1961. 


Courses in France 


1. Course on the Development and Behaviour 
of the Child for educational personnel of 
elementary schools (Paris, January 9th—- 
February 19th). 

. Course on Child Nephrology for physicians 
(Paris, February 20th—March 5th). 

3. Course on Vaccinations for physicians 

(Paris, March 6th—26th). 

4. Course of Social Pediatrics for physicians 
(Paris, April 10th—July 2nd). 

. Course on the Prevention and Treatment of 
Tuberculosis in the Child for physicians 
(Paris, September 11th-October 18th). 

6. Course on Mother and Child Welfare for 

medico-social personnel (Paris, October 
9th-December 17th). 


to 


or 


7. Course on the Organizational Probleiis oj 
Tuberculosis Control (in English) for the } 


British Commonwealth physicians in| Mau 

training at the University of Cardiff) Chon 
(Paris, 10 days in November). ‘ 

8. Course on the Medico-Social Problems| a 

JOU, 


Raised by Chronic Diseases of the child | 
for physicians (Nancy, March 6th—26th).| Thi 
9. Course of Social Psychiatry for physicians * givin; 


(Lyons, at the end of the year). types 
skelet 

Courses in Africa 
chond 


1. Course on Public Health Problems applying | wi a 
to childhood for physicians (Tananarive, | singin 
April 10th—May 7th). differe 

2. Course on Mother and Child Welfare for? iy. vi 
welfare personnel (Dakar, 4 weeks). 


Courses in Latin America Bensa 
1. Course on Problems of Feeding, Nutrition | procte 
and Digestive Pathology, in Buenos Aires Paris 
(6 weeks in autumn). 
Ano 
2. Participation in a course of Social Pe- sited 


diatrics organized with the cooperation of ) tiie 
the WHO and the Panamerican Health! .. 


Bureau for physicians working in_ the 100 vs 
Chilean MCW services. 
procto 

The Thirteenth Nordic Congress of requisi 
Pediatrics ination 

Clinical 

The 13th Nordic Pediatric Congress will § roctol 


be held in Copenhagen June 25-28, 1961. 7“ 
The principal themes to be discussed are: I. 
The Importance of Prenatal and Natal 
Factors for Development and for Diseases 
in View of Prospective and Longitudinal R. S. | 
Studies.—II. Epilepsy in Childhood. -III. Infant 
Steroid Treatment of Acute Life-Endanger- )"0rma! 
ing Infections. IV. The Prognosis of As‘hma Living 
and Asthmatic Bronchitis in Childhooc . 1960, 
There will be a scientific exposition 276 ¢, 
connection with the Congress. 
The address of the General 
Rigshospitalets Borneafdeling, Blegda nsve) 
5, Copenhagen ©. Denmark. Pedia 


Seer. tary: The 


Acta Peediatrica 50: 215-216. March 1961 


BOOK REVIEWS 


r the } 

in} Maurice Lamy and Pierre Maroteaux: Les 
irdifi | Chondrodystrophies Genotypiques. 


| L'Expansion Scientifique Frangaise. Paris, 


hlems 
child | 1960. 120 pages, 100 figures. Price 1 NF. 
‘ith).| This is a well-illustrated, informative book 


cians * giving a detailed description of the various 
types of systemic congenital disorders of the 
skeleton. The classification of these osteo- 
__ | chondrodystrophies is based upon the clini- 
lying | cal signs and symptoms, the radiological 
| findings and the mode of transmission. The 
ferential diagnostic discussions increase 

¢ for? the value and usefulness of the book. 


irive, 


Bensaude, A. and Chigot, P. L.: Précis de 
ition | proctologie infantile, L’ Expansion Editeur, 


Aires | Paris 1960. Price 11.50 NF. 


Ano-rectal lesions are of relatively infre- 
quent occurrence in childhood. Pediatric 
) textbooks give little information in this 
field. This monograph presents concisely in 
120 pages, the essential facts on childhood 
proctology. The instrumental and technical 
of quisites for adequate proctological exam- 
ination are described. Etiology, pathology, 
clinical picture and treatment of the main 


l Pe- 
on of 
ealth 
the 


1961 proctologie disorders in children are discus- 
sed. 
re: 
Natal Th. Ehrenpreis, Stockholm 
eases 


dinal R. S. ‘lingworth: The Development of the 
til. Infant and Young Child, Normal and Ab- 


nger- Norma! 


hm ‘Livings‘one Ltd., Edinburgh and London, 
_ 1960. 218 pages, 95 figures, 4 tables. Price 
n 


tary: The author says that a book on child 
nsve} Menta development should be written by a 
Mpediat cian, not psychologists. The 


reviewer feels that he is right. Too many 
books on this subject have been published 
by people who have only little knowledge 
of the child as a whole, in health and disease. 
The book solely treats mental development 
of the pre-school child, the knowledge of 
which Illingworth feels is as fundamental to 
the pediatrician as is anatomy to the surgeon. 
He tells the physician in simple language 
what can be learnt about a child’s develop- 
ment with a minimum of equipment and 
without special training. He discusses the 
significance of prenatal and _ perinatal 
effects, physical defects and environmental 
factors upon the mental developmental rate 
of children. He emphasizes the wide varia- 
tion in development as a whole and defines 
the limits of our predictive powers when 
using the tests presently available. These 
tests are described in detail and their inter- 
pretation discussed. An especially valuable 
and interesting chapter is that on ‘Mistakes 
and Difficulties in Developmental Diagno- 
sis’. Each chapter of the book is followed by 
a bibliography. This book fits very well in 
the row of previous excellent volumes on 
child care and welfare and child develop- 
ment written by Professor Hlingworth. 


Sir James Spence: The Purpose and Practice 
of Medicine. 

Oxford University Press, London. 1960. 308 
pages. Price 42 s. net. 

This book contains 20 selections from Sir 
James Spence’s bibliography of 53 publica- 
tions. The articles are well chosen. It is 
with profit and great enjoyment that one 
reads these papers, which reflects so well the 
charm of their author, the personal, un- 
doctrinal way in which he tried to solve 
problems, the vast variety of his interests in 
the field his 


broad-minded, 


of medicine, 
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humanitarian aspects on the medical pro- 
fession and his great common sense. The 
reviewer wants to call especial attention to 
those readers who do not know the important 
achievements of Sir James and for whom 
he is only one of the famous names in the 
history of pediatrics in Europe, to study 
carefully the following articles: Nature of 
Children and Families, Care of 
Children in Hospitals and the Need for 
Understanding the Individual. It 
fortunate that the Editors have accomplished 
this collection of Professor Spence’s papers, 


Disease, 


is most 


thus facilitating references, even to articles 
that originally were published in journals 
that are not easily accessible. 

One reads with great pleasure the vivid 
picture of Sir James by Sir John Charles in 
his introductory 25 pages biography, in 
which are included some written souvenirs 
of Spence’s friends. His successor, Professor 
Donald Court, call him ‘“‘artist and scientist, 
romantic and realist, conservative and rebel, 
always a leader’. He was without doubt 
one of the great physicians of this century. 
He has contributed much to the advance- 
ment of our knowledge in pediatrics, espe- 
cially its social implications. He was a rarely 
talented man, who used his own way in 
looking at problems and in trying to solve 
them and in developing the science and art 
of being a physician for children. This book 
should be included in every private pediatric 
and official library. 


J. F. de Wijn and J. H. de Haas: Growth 
Diagrams from 1-25 Years in the Nether- 
lands. 


Nederlands Instituut voor Praeventieve 
Geneeskunde, Leiden. 1960. 30 pages. Price 
fl. 2.50. 


This comprehensive report is written in 
Dutch but an English summary and English 
translation of the text of the 11 growth 
curves facilitate the reading. The study is a 
cross-sectional one of the height, weight 


BOOK REVIEWS 


and secondary sex characteristics of 379% , 
boys and 8112 girls of average social ¢ lass, 
The averages are at a higher level than in 


former times and it is believed that in the 
near future the children will be taller and 
heavier than the children of today. ‘t is 
planned to complete this investigation with 
a longitudinal study. ) 


Moshe Prywes (ed.): Medical and Biolozical | 
Research in Israel. 
Rubin Mass, Jerusalem, Israel. 1960. 562 | 
pages, numerous illustrations. Price $8. | 


This nice volume is divided into eleven } 
sections of which the sixth (Experimental 
and Clinical Research in Medical Disciplines) 
contains two pages related to research in 
pediatrics. Report is given of studies in 
malnutrition and diarrhea (electrophoretic 
patterns of serum proteins, serum levels of 
vitamin <A, intestinal flora and _ plasma 
prothrombin level), of diseases of the heart 
(incidence of congenital and rheumatic heart 
disease, an outbreak of Fiedler’s interstitial 
myocarditis, Coxsackie-virus as cause of 
heart disease), and of the newborn infant 
(early jaundice due to ABO incompatibility. 
evaluation of the state of maturation of the 
nervous system by means of studies of the | 


reflexes). The reader is impressed by the 
great activity and high standard of research | 
in Israel. 


T. Yoshida and J. Huizuiga: Abstracts of 


Japanese Medicine. 


Excerpta Medica Foundation, Amsterdam, 
1960. Annual subscription rate $30. 


A new journal reviewing about 500 current 
Japanese periodicals has just been published. 
The pediatric part of the journal, which in 
this first issue contains eight of the tota! 187 } 
pages, is divided into 28 different sect ions. 
covering all items within the pediatric field 
of medicine. Acta Paediatrica wani; to 
draw the attention of its subscribers t« this | 
new service of Excerpta Medica. 
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Institute for Medical Genetics, University of Uppsala, and Pediatric Clinic, Karolinska 
sjukhuset, Stockholm, Sweden 


Association Between Congenital Heart Malformation and 


Chromosomal Variations’ 


by J. A. BOOK, BERTA SANTESSON and PER ZETTERQVIST 


Knowledge of chromosomal variations 
in man as a cause of abnormal develop- 
ment and disease has increased rapidly 
during the past two years. At the present 
time about twenty-five conditions asso- 
ciating numerical or structural chromo- 
somal variations and pathological condi- 
tions have been reported; about half of 
them concern the sex chromosomes and 
the rest the autosomes. Even if some of 
the observations are still represented by 
single individuals only, there is no doubt 
that clinical cytogenetics, in a very short 
time, has been established as a new and 
important branch of human pathology 
and clinical medicine. 

Practically all individuals on record who 
lacked one chromosome,? e.g. XO in 
Turner’s syndrome (8) or who had an 
additional chromosome such as trisomic 
21 in mongolism; trisomic [16-18] in 


Hernden-Patau’s syndrome (7, 11) and 
tri: omic [13-15] in Patau’s syndrome (11), 
Aided by grants from the Swedish Atomic 
Re arch Council and the International Atomic 
En rgy Agency. 
The Denver nomenclature of human mitotic 
ch. smosomes (6) will be used consistently in 


th paper (cf. Fig. 1). The expression trisomic is 
us . for brevity although it is noted that this 
di nosis is based on the morphological simi- 
la’ y of mitotic chromosomes only. 


l< 61173113 Acta Pediatrica Vol. 50 


have shown a multiplicity of develop- 
mental and morphological changes. 

Exceptions from these findings of mul- 
tiple changes are two individuals with 
congenital heart defect (1, 5) who will be 
dealt with in some detail in this paper 
and an apparently healthy father of a 
child with mongolism reported from this 
laboratory by Fraccaro et al. (9). This 
man, who had 47 chromosomes, might be 
trisomic [19-20], but unfortunately no 
clinical examination was made. 

Malformations of the heart have been a 
frequent feature of the “chromosomal” 
syndromes mentioned above. This and the 
fact that one of us (Zetterqvist) has been 
particularly interested in pediatric cardio- 
logy was the reason why we started to 
collect information on the karyotypes of 
individuals with congenital heart mal- 
formations. 

One of us (Zetterqvist (13)) has reported 
an exceptional pedigree with eight certain 
and five probable cases of atrial septal 
defect of the secundum type. The distri- 
bution of affected and normal individuals 
in this pedigree appears to agree with a 
simple dominant mode of inheritance. We 
have now been able to study the karyotypes 
of one family belonging to this pedigree. 


| 
| 
| | 
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Fig. 1. 


Description of the family 


The mother, E. G., was aged 49 (No. ITI:6 
in Zetterqvist’s (13) original pedigree). She 
has had dyspnea on moderate exercise since 
childhood. Her condition deteriorated in 1957 
following an attack of influenza. At the 
special examination in October 1959, which 
included catheterization and angiocardio- 
graphy, a large auricular septal defect 
of the secundum type was found. This 
defect was associated with mitral insuf- 
ficiency due to relative dilatation of the 
mitral ring without cusp malformations. 
The relative heart volume was 900 ml per 
sq.m body surface area. The blood flow 
through the pulmonary and systemic circuits 
was 34 and 4 1 per minute, respectively. 
Both malformations were corrected at an 


“ 


The normal female chromosome set arranged in accordance with the Denver agreement. 


operation in November 1959 at the Chest 


Clinic in Stockholm (Professor C. Crafoord, 
M. D.). The postoperative course was un- 
eventful and the patient is now (June 1960) 
in good health. 


Cytological observations on E. G. 


Method. Chromosome studies were made 
according to the technique developed in 
this laboratory (3). The cytological obser- 
vations on the patient E. G. are based on 
four separate cell cultures from a _ bone 
marrow biopsy taken Oct. 21, 1959, and four 
separate cultures from a skin biopsy taken 
January 15, 1960. At the preparation of the 
skin biopsy two cultures only were started 
from trypsinized material. The other twc 
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Summary of chromosome findings in a family in which mother and son had 


an atrial septal defect of the secundum type. 


Individual and origin Chromosome counts Total number of Chromosome 
of cultured cells 45 46 46+1 47 analysed cells complement 
E.G. Mother, bone marrow 4 4 0 25 33 Trisomic [19-20]; XX 
Mother, skin 2 6 0 17 25 Trisomic [19-20]; XX 
0.G.G Father, bone marrow 0 3 -0 0 8 Normal; XY 
C.M.G Son, bone marrow L319 ‘ 0 21 Trisomic [19-20]; 
Monosomic 22: XY 
Son, skin 0 10 1 0 11 Trisomic [19-20]; 
Monosomic 22; XY 
LG. Daughter, bonemarrow 0 9 0 0 9 Normal; XX 


were prepared by mincing the material 
directly in the medium with a pair of fine 
ophthalmological scissors. This process is 
apparently less damaging to the cells. By 
omitting the initial trypsinization for skin, 
muscle and fascia lata biopsies the time lag 
between the preparation of the culture and 
the first signs of growth has been shortened 
to an average of 14 days for adult material. 

The bone marrow cultures have been 
observed over a period of 2 months. Micro- 
scopic slides were prepared from pritnary 
as well as trypsinized and transferred cul- 
tures. The skin cultures have been studied 
in the same way for a period of about three 
months. As the results from the examination 
of the different cultures and subcultures were 
all consistent they will not be itemized. 
We have carefully selected and examined 
_ 58 apparently undamaged cells in mitotic 
metaphase derived from the skin and bone 
marrow of E. G. 


The results of the chromosome counts 
have been summarized in Table 1. The 
majority of the cells contained 47 chromo- 
somes but by our standards there were 
too many quite clear metaphases with 
46 to be accounted for by technical biases. 

tive 47 chromosome cells derived from 
th: bone marrow and three derived from 
th: skin have been analysed in detail by 


the aid of enlarged ‘photomicrographs. In 
all these cells we found five short chromo- 
somes with nearly median centromeres. 
Thus, on morphological grounds the addi- 
tional 47th chromosome was classified as 
belonging to group [19-20]. In Fig. 2 
which exemplifies the karyotype this 
additional chromosome has been placed 
at position 19. Tentatively these cells were 
diagnosed as trisomic [19-20]. 

Two 46 chromosome cells were likewise 
analysed in all details. Matching of the 
chromosomes showed a normal comple- 
ment with two X-chromosomes. Also in 
the remaining 46 chromosome cells only 
four short chromosomes with nearly 
median centromere could be recognized. 

The 45 chromosome cells (cf. Table 1) 
displayed no consistent chromosome pat- 
tern and are most reasonably explained 
as due to the accidental loss of one chromo- 
some when the squash preparations were 
made. 


The husband, C. G. G., born in 1910, is a 
normal healthy male without signs or 
symptoms of cardiac disease. There is no 
consanguinity between him and his wife. 
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Fig. 2. The chromosome complement of the mother with congenital heart defect, apparently 
trisomic [19-20]. 


Eight carefully analysed cells in mitotic 
metaphase, derived from three separate 
bone marrow cultures, showed a normal 
male complement with 46 chromosomes, 
as exemplified in Fig. 3. This couple 
has two children, a boy born in 1948 
and a daughter born in 1950. There are 
no further issues and no abortions. 


The boy, C. M. G., on routine examination 
was found to have signs of heart disease, 
although he had no subjective complaints. 
At catheterization and angiocardiography 
an atrial septal defect of the secundum type 
was disclosed (i.e. the same defect as in the 
mother). An operation was not considered 


necessary as the pulmonary/systemic flow 
ratio was shown to be 1.5/1 only. 


Cytological observations on C. M. G. 


The observations are based on three 
separate cell cultures from a bone marrow 
biopsy and two separate cultures from a 
skin biopsy, both taken on January 15, 
1960. Both sets of cultures have be n 
observed over a period of about thre 
months. The results from the primary ‘s 
well as the transferred cultures were : ll 
consistent. Thirty-two cells in mito‘ ic 
metaphase have been analysed. The resu ‘s 
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Fig. 3. The chromosome complement of the father, apparently normal. 


of the chromosome counts have been 
summarized in Table 1. Practically all 
cells in which exact counts could be made 
(29 out of 30 cells) contained 46 chromo- 
somes. In 15 of these cells with especially 
clear metaphases, four small acrocentric 
chromosomes only were found against an 
expected five in a normal male. Further- 
more there were five short chromosomes 
w th median or nearly median centromere 
(group [19-20]) against an expected four. 

Three cells derivéd from the bone 


marrow and four from the skin have been 
analysed further by the aid of enlarged 
photomicrographs. All these cells con- 
tained a fifth short chromosome with 
median or nearly median centromere, i.e. 
apparently the same constellation as in 
the mother. One small acrocentric chromo- 
some was lacking. As in several cells two 
small acrocentric chromosomes with satel- 
lites (no. 21) and the Y-chromosome could 
be recognized, it is possible that one chro- 
mosome number 22 was lacking. As ex- 
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emplified in Fig. 4, the karyotype of this 
individual could be interpreted as trisomic 
[19-20] and monosomic 22. 

The daughter, I. G., was healthy and 
showed no signs or symptoms of cardiac 
disease on physical examination, including 
electrocardiography. A detailed analysis of 
the chromosome complement in cells from 
three separate cultures of a bone marrow 
biopsy showed morphologically normal con- 
ditions, as exemplified in Fig. 5. 


The diagnosis of individual karyotypes 
It is known that cells cultivated in vitro 
over long periods may change their karyo- 
type. This is presumably due to a number 
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Fig. 4. The chromosome complement of the son with congenital heart defect, apparently tri- 
somic [19-20] and monosomic 22. 


of different factors operating in a highly 
artificial environment. However, a con- 
siderable amount of the experience with 
human cell cultures comes from work with 
malignant cells which originally may con- 
sist of a mixture of different karyotypes. 
The work in this laboratory has been 
limited to the study of individual kary»- 
types with the exclusion of all kinds >of 
malignant cells. In laboratories whee 
malignant cell strains are maintained t' e 
possibility of infection from such cultu: 's 
must be considered. 

We have found, as have others (1°), 
that open system-fluid medium cultur ’s 
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Fig. 5. The chromosome complement of the daughter, apparently normal. 


favour karyotype constancy for periods 
which are long enough to secure a suffi- 
cient margin of safety for karyotyping. 
This has been established in our laboratory 
during the work with more than 400 cul- 
tures from biopsies of about 120 indi- 
viduals and over 100 cultures derived 
from human fetuses. In several instances 
the cultures have been checked for the 
constancy of the karyotype for periods 
up to six months. In general the number 
of polyploid cells with multiples of the 
diploid number tends to increase after 
several transfers. Usually this will not 
interfere with a correct interpretation but 
may even be a help to establish the identity 


of additional chromosomes. Occasional 
aberrations have been observed, e.g. chro- 
matide breaks, somatical pairing and 
anaphase disturbances. The incidence of 
such abnormalities has been estimated 
not to exceed one per cent of the mitoses 
and the disturbances did not increase 
significantly during the time the cultures 
have been observed. Nevertheless, it is 
recommended that, whenever possible, 
karyotyping be made on early cultures 
and preferably on the primary ones. Minor 
modifications of the culture medium or 
technique appear unimportant in this con- 
text. A number of independent labora- 
tories, using different techniques, has now 
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provided sufficient data on normal karyo- 
types and on the common karyotype in 
mongolism and Turner’s syndrome to 
prove this point. 

It cannot be avoided that the selection 
of a particular metaphase for analysis is 
subjective and depends on the experience 
and judgement of the individual cyto- 
logist. Certain criteria are used to decide 
whether or not the squash has damaged 
the cell to such an extent that a chromo- 
somal analysis is pointless. Our procedure 
is as follows: using a magnification of 
x 160 we select apparently undamaged 
metaphases with good, even spreading 
of the chromosomes, care being taken that 
there are no other cells in the same 
mitotic stage in the vicinity. Using this 
method we have found it to be of ques- 
tionable value to increase the number of 
metaphases by pretreatment with colchi- 
cine or colcemid. Furthermore, with our 
process we are more likely to include 
occasional metaphases in which one chro- 
mosome has been lost than those having 
received an additional chromosome dis- 
located from a nearby metaphase. 

With the cell culture technique it is not 
possible to prove directly that the karyo- 
type determined for the cells in vitro 
is exactly the ame as in the donor’s 
body. The findings must be corroborated 
by circumstantial evidence. The general 
process in this laboratory is to start 3-5 
independent cultures from each biopsy 
and determine the karyotype on the pri- 
mary as well as the transferred cultures 

over a period of 2-3 months. While it is 
possible that new karyotypes may arise, 
e.g. through mitotic non-disjunction, it 
is extremely unlikely that the same muta- 
tion will occur in all the primary and 
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transferred cultures. No conclusion r2- 
garding the karyotype of the donor will 
be drawn unless the findings in all cultures 
are consistent. Furthermore, for concli- 
sions concerning a new pathological karyo- 
type we require consistency with regard 
to cultures derived from at least two 
different biopsies, usually bone marrow 
and skin. When inconsistencies are ob- 
served the whole procedure will be 
repeated. 

The question of mosaicism presents 
particular problems. Few cases appear as 
clear as an individual (4, 5) who apparently 
is a 3n/2n mosaic where all cells so far 
derived from the bone marrow were di- 
ploid. The usual finding, as in the mother 
of the family described here, is a mixture 
of cells with a normal complement and 
aberrant cells. Trisomic cells, for example, 
may have a tendency to eliminate the 
additional chromosome. If so, consistency 
among the different primary and trans- 
ferred cultures will not prove the point. 
There is no way of knowing whether this 
alleged elimination, if at all occurring in 
vivo, takes place more rapidly in vitro. It 
seems doubtful if karyotyping based on 
the direct incubation of bone marrow 
cells will help much. In so far as mitotic 
activity is concerned the bone marrow is 
most similar to our in vitro cell cultures. 
Consequently, chromosomal aberrations 
which tend to interfere with the mitotic 
mechanism could be more heavily selected 
against here than in other tissues. It 
should also be kept in mind that a large 
number of drugs at therapeutic concen- 
trations and industrial or professiona! 
chemicals are known to affect the bone 
marrow in particular. These effects may 
have a different selective value on dif- 
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ferent karyotypes as well as being instru- 
mental in creating chromosomal abnor- 
malities. 


Discussion 


From the data referred to above it 
seems reasonable to infer that the karyo- 
types of the cultivated cells correspond 
to those of the donors. By morphological 
criteria the 47th chromosome of E. G. is 
similar to the additional short chromosome 
with nearly median centromere in her son. 

The Jack of one small acrocentric chro- 
mosome in the son is remarkable, particu- 
larly in the absence of gross effects. The 
very consistent karyotype findings in the 
cells derived from this individual, make 
it unlikely that we are dealing with an 
artefact. 

The son, C. M. G., would have originated 
through an egg cell containing an addi- 
tional chromosome [19-20]. About 50% 
of the mother’s egg cells vould be expected 
to have this constitution. The same egg 
cell may, due to non-disjunction, have 
‘lost chromosome number 22. Possibly 
the extra 47th chromosome might be a 
disturbing factor at meiosis. Alternatively, 
the 24 chromosome egg cell might have 
} been fertilized by a sperm with 22 chromo- 
somes only and lacking number 22 due to 
_non-disjunction in the father. 

The origin of the abnormal karyotype 
of the son could also be explained by a 
mechanism of translocation involving chro- 
mosome number 22. If so, the chromosome 
interpreted as an extra [19-20] in Fig. 4 
Inigat be a 22/[19-20] translocation. Such 
a translocation could have resulted in a 
nev chromosome indistinguishable from 
the other members of group [19-20]. Then 
thi: alternative implies a partial deficiency 


CONGENITAL HEART MALFORMATION AND CHROMOSOMAL VARIATIONS 


225 


of one chromosome number 22 and a partial 
triplication of the gene material contained 
in the chromosome of group [19-20]. 

On morphological grounds, alone, it is 
not possible to give priority to either of 
these two explanations. Both would be 
consistent with an association between 
triplication of gene material of the chromo- 
somes of group [19-20] in mother and son 
if not with simple trisomy. 

Several other alternative explanations 
involving translocations or combinations 
between translocations and non-disjunction 
are, af course, theoretically possible. On 
the basis of now available evidence those 
offered here seem to us the most likely 
ones. 

This communication should not convey 
the impression that we consider congenital 
heart defects in general are due to chromo- 
somal aberrations. Nevertheless, in view 
of the fact that such defects form a signi- 
ficant feature of several chromosomal 
syndromes, among which mongolism is 
the most common, this etiological mechan- 
ism appears important in cardiac patho- 
logy. 

We have been looking for chromosomal 
aberrations in a few other patients with 
congenital heart defects but with negative 
results. Two of them have now been 
karyotyped and merit mention briefly. 


File no. 01—45—60, L. M. A., female, born 
Feb. 28, 1960, died March 27, 1960. Maternal 
age 27, paternal age 29. She had one normal 
brother born in 1954 and one normal sister 
born in 1957. There were no abortions. The 
pregnancy was uneventful and the birth 
weight 3840 gram. She was a blue baby 
with permanent heart incompensation. The 
post mortem examination showed deformities 
of the tricuspid and mitral valves, pro- 
nounced hypertrophy and dilatation of the 
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right ventricle, dilatation of the right auricle 
and a patent ductus arteriosus. A detailed 
analysis of the chromosome complement in 
four separate cell cultures derived from a 
skin biopsy taken March 12, 1960 showed 
morphologically normal conditions, i.e. 46 
chromosomes including two X-chromosomes. 

File no. 01-51-60, S. G. L., male, born 
Feb. 16, 1951. Maternal age 22, paternal 
age 24. He had scarlet fever in 1955. At this 
time a heart murmur was detected. An 
atrial septal defect of the secundum type 
was confirmed by electrocardiography, cathe- 
terization and angiocardiography. In addi- 
tion he had multiple minor skeletal deform- 
ities of the shoulder girdle and hands. As 
the blood flow of the pulmonary circuit 
was more than twice that of the systemic 
circuit an operation was considered indi- 
cated and also performed in 1959. The 
karyotyping was based on three separate 
primary cell cultures derived from a bone 
marrow biopsy taken March 23, 1960. He 
was found to have an apparently normal 
male complement. 

This patient is particularly interesting 
because his mother had a similar defect. She 
was M. H., born in 1929, and had deformities 
of the upper extremities similar to those in 
her son, only more marked, and with total 
absence of her right thumb. On the left hand 
the thumb was substituted by a small 
radial finger and the thenar part of the 
hand was malformed. The electrocardio- 
gram showed marked arythmia of an unusual 
type with extreme sinus bradycardia, fre- 
quently interrupted by sino-auricular block 
and an irregular nodal tachycardia. The 
ventricular complexes, however, were of the 
type usually seen in atrial septal defect 
of the secundum type. X-ray findings 
practically confirmed the existence of a 
left-to-right shunt at the atrial level. So far 
she has not been available for karyotyping. 


The etiology of congenital heart defects 
is apparently manifold and complex (2). 
Abnormal chromosome complements may 
be instrumental in some instances, while 
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gene mutations or external factors opcrate 
in others. The findings reported in this 
paper indicate the necessity of paying 
further attention to chromosomal viria. 
tions and the mechanisms lying behind 
these. It is also obvious to us that further 
confirmatory work is needed. It is hoped 
to subject further members of the pedigree 
to cytogenetic studies later. 

As the incidence of meiotic disturbances 
resulting in numerical and/or structural 
variations are known to increase with 
increasing doses of ionizing radiation (10), 
the question of further human defects 
due to chromosomal aberrations and at the 
same time compatible with appreciable 
fertility merits a particular interest. So 
far the genetical effects of ionizing radia- 
tion on human populations have been 
thought of almost exclusively in terms of 
gene mutations. With the present knovw- 
ledge of at least twenty-five different 
chromosomal variations apparently caus- 
ing defects in a substantial number of 
individuals, the association between these 
phenomena and different levels of ionizing 
radiation must be given serious considera- 
tion. 


Summary 


A family is described in which mother 
and son both displayed auricular septal 
defects of the secundum type while father 
and daughter had no cardiovascular dis- 
orders. The karyotypes of these individuals 
were analysed by the cell culture met od 
using biopsies from bone marrow and s‘cin. 
The majority of the cells from the mother 
had 47 chromosomes and she was ap- 
parently trisomic [19-20]. A similar acdi- 
tional chromosome of group [19-20] vas 
found in the cells derived from the :on. 
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However, he lacked one of the smallest 
acrocentric chromosomes. His chromosome 
number was 46. The father and daughter 
both had normal] karyotypes. The signifi- 
cance of numerical and/or structural chro- 
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mosome variation in the etiology of con- 
genital heart malformation is discussed 
with regard to recent developments in 
clinical cytogenetics. 
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From the Taylor Research Laboratory, Children’s Hospital, Sheffield, England 


The Influence of Birth on the Weights of the Left and Right Cardiac 


Ventricles in Prematurely Born Infants 


by AVINASH MITHAL and JOHN L. EMERY 


While there have been great advances 
in the clinical study of heart function in 
the newborn, by Barclay, Franklin & 
Prichard (3), and more recently by Lind 
and his associates (13, 14), anatomical 
data on the heart structure at this age 
are scanty and we have been able to find 
none accurately analysed from the point 
of view of the relationship of birth, 
crown-rump length and gestational age. 


For over 50 years it has been widely 
stated that there is atrophy of the right 
ventricle after birth (16). Reviewing older 
literature, Vierordt (18) quotes authorities 
showing virtually the same sizes for the 
tricuspid and mitral valves at one year of 
age, but at birth the tricuspid valve in one 
series is reported as being larger than the 
mitral valve and in another series as being 
smaller than the mitral valve. One of the 
most detailed recent studies of the newborn 
heart was carried out by Keen (10). He 
found that the mean weight of the free 
wall of the right heart was less in his 
children dying between the age of birth 
and one year, than in stillborns, although 
his weight ranges show a complete overlap. 
He concluded from these absolute weights 
and their relation to the left ventricle 
weights that there is an atrophy of about 
one-fifth in the right ventricle commencing 
rapidly after birth. It is a wellknown 
clinical feature that many children dying 
during the first few months after birth 


weigh less and are smaller than many nor- 
mal full-term infants and mature still- 
borns. Keen’s material came from infants 
referred to the police mortuary in Cape 
Town and he states that malnutrition 
present in his cases made it useless for him 
to use the weights of the infants in his study. 
He also remarks that “classification of the 
newly born infants into premature and full 
term infants was naturally easy” but he 
does not state his criteria for such a state- 
ment. He discusses the earlier literature on 
the left and right heart weights with excel- 
lent thoroughness but we believe that his 
rejection of the method of dividing the 
heart used by Lewis (12) and Hermann & 
Wilson (8), which is essentially the method 
we have used, and adopting that of Fulton, 
Hutchinson & Morgan Jones (7) is unfor- 
tunate when applied to hearts undergoing 
fairly rapid change in shape. We also feel 
that Keen was unfortunate in having to use 
hearts for which accurate obstetric histories 
were not available. 


Hort (9) also believes that there is a 
physiological atrophy of the right ventricie 
of the premature by the end of the first 
week. He found this change in a study of 
both cat and human hearts. 


Panisello, Castellanos, Junco & Valladar:s 
(17) examined the hearts from 25 prematu e 
and 8 full term infants using the techniq: e 
of Hermann & Wilson (8). They classifi: d 
their hearts on a weight basis and showed a 
progressive increase in the weight of bo h 
ventricles although the ratio changed. 
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THE WEIGHTS OF THE CARDIAC VENTRICLES 


Che relationship between the muscle mass 
an:| the output of the heart in the foetus is 
noi certain. Dawes, Mott, Widdicombe & 
Wyatt (5) suggested that in lambs the left 
ventricular output exceeded the right ventric- 
ular output throughout foetal life and Keen 
(11) suggested that the same occurs even in 
the full-term infant heart which shows 
anatomical right-sided preponderance. The 
mean muscle fibre diameter of the right heart 
is greater than the left heart in the foetus (2). 
Boellaard (4) followed Ashley’s work of 
measuring thickness of the muscle fibres. 
He showed that there was possibly some 
slight thinning in the total thickness of 
the right ventricular wall but any possible 
thinning of the diameter of the fibres did not 
account for the apparent ‘“‘atrophy”’ and he 
postulated that the changes after birth 
were probably chiefly those of dilatation of 
the cavity. His material and method of 
assessment are subject to many of the same 
criticisms as that of Keen’s material. 


There is very great variation in the 
relative left and right heart weights at 
birth and so many factors are involved 
in the study of such hearts that confusion 
can only be prevented by separating the 
various criteria. Emery & MacDonald (6) 
have shown that analysing the same series 
of children’s hearts against crown—-rump 
length, gestation age and weight of the 
child, produces a different growth pattern. 
By means of careful dissection of the left 
and right ventricles in a series of still- 
borns, they were able to establish what 
they felt were the normal weight incre- 
ments of the cardiac ventricles against 
gestation age, crown-rump length and 
body weight for the stillborn child during 
the latter half of gestation. In dealing 
wth postnatal changes it is obvious that 
bedy weight can hardly be used as a 
cr teria for analysis due to the great 
vi riability in postnatal change in weight, 
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and even such variables at birth as in- 
halation and the passage, or not, of much 
meconium. 

In the present study an attempt has 
been made to compare the actual weights 
of the cardiac ventricles in children that 
had lived for more than 5 days after birth 
with the weights of stillborn children of 
the same crown-rump length. Any dif- 
ference in these two findings would 
suggest either an increase or decrease in 
the immediate postnatal rate of growth 
of the heart muscles. 


Material and Methods 


A careful selection was made of the post- 
mortem reports to find children who had 
been born before 38 weeks gestation and who 
had lived for 5 days or more, and in whom 
there was no gross congenital deformity and 
no evidence that the child had died directly 
of a circulatory disease. Eighteen such cases 
were found after surveying approximately 
1500 necropsies during which time all 
children’s hearts had been saved. Eight 
cases had a crown-rump length of between 
25 and 29.5 em and 10 between 30 and 34.5 
em. 
In this study we deliberately excluded 
children dying between birth and five days 
for two main reasons. One is that during 
this period the causes of death are too diffi- 
cult to be stated with any certainty and the 
other is that it is the effect of postnatal 
life that is required, and it would not be 
certain whether any changes could take 
place of any significance within two or three 
days of birth. 

These hearts were dissected and the ven- 
tricles weighed using the same method ag 
that previously described for stillbirths (6), 
which method is similar to that used by 
Hermann & Wilson (8) and Panisello, Castel- 
lanos, Junco & Valladares (17). The data 
from these cases were compared with those 
of the apparently normal stillbirth series. 
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Comparison was made between the groups 
of equivalent crown rump length and ¢ 
tests were applied according to the formula: 
Difference between means/Standard error of 
difference between means. The values thus 
obtained for each of the groups were then 
related to the values obtained from n 
number of cases located in ¢ tables at 0.05 
levels. The nm numbers used being (7,_,) 
and for each comparable group. 


Results 


The individual ventricle weights related 
both to crown-rump length of the child 
and to the mean line of the values ob- 
tained from stillborn children are shown 
in Fig. 1. It is obvious that the scatter 
values in the right and left ventricle 
charts is different. In the case of the right 
ventricle the values appear to be evenly 
distributed around the mean line whereas 
in the left ventricle the majority are above 
the line. The statistical analyses of the 
means of these groups are presented in 
Tables 1 and 2. These show that there is 
no significant difference between the 
right ventricular weights of the stillborns 
and children who lived after birth, of 
comparable crown-rump length. On the 
other hand, there is a significant difference 
(at the 95% and even at the 99% level) 
between the left ventricular weights of the 
“living” stillborns. This finding 
would suggest that within five days after 


and 
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LEFT VENTRICLE (GRAMMES) 


RIGHT VENTRICLE 


26 28 30 32 34 
CROWN=RUMP LENGTH 


Fig. 1. Showing the weights of the left and right 

ventricles (shown as spots) against the mean 

line of a series of stillborns of the same crown- 
rump length. 


birth there has been an appreciable in- 
crease in the weight of the left ventricle 
over that which would have occurred had 
the child not been born i.e. significant 
postnatal hypertrophy. 

With regard to the right ventricle there 
is no such deviation from the apparent 
intrauterine growth pattern. Had there 
been any postnatal actual atrophy or 


TABLE 1. Showing the numbers of cases studied and the mean values obtained togeth-r 
with standard deviation in two crown-rump length groups. 


Cnn Stillbirths (J.L.E. & M.S.M.) Livebirths 
length No. of L.V. wt. (g) R.V. wt. (g) No. of L.V. wt. (g) R.V. wt. (2) 
(cm) cases Mean §S.D. Mean S.D. Mean §S.D. Mean S.)). 
25-29.5 20 2.4 0.68 2.6 0.58 8 3.60 1.16 2.99 0.57 
30-34.5 45 3.7 1.25 44 2.04 10 5.37 1.42 4.75 ae 
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fapuE 2. Showing the t values obtained against t values from tables at 1 in 20 proba- 
bility. 


Crown-rump Left ventricle 


Right ventricle 


length t value t value 

(em) obtained t from tables® obtained t from tables® 
25-29.5 2.72 2.056 1.44 2.056 
30-34.5 3.42 2.01 0.729 2.01 


At 0.05 level. 


bypoplasia of this ventricle during this 
period as postulated by Hort (9) and Keen 
10) we would have expected to see lower 
ican weights in the postnatal ventricles. 
t may be argued that the postulated 
trophy had not had time to commence 
n our material but the positive find of 
iypertrophy of the left ventricle in the 
ame hearts does suggest that a change in 
ihe opposite direction, if present, would 
ave been revealed. 

We feel justified in suggesting that there 
s no evidence for postnatal atrophy of 
he right ventricle. 


Summary 


The mean ventricular weights of prema- 
urely born infants who had lived for 
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five or more days were compared with 
the mean ventricular weights of stillborns 
of equal crown rump lengths. The left 
ventricular weights suggest that there has 
already been some hypertrophy over that 
which would have occurred in utero. The 
right ventricle growth continued at the 
same rate as would have occurred had the 
child remained in utero. 
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The Iron and Copper Concentration of the Liver in Intrauterine Life 
and in Haemolytic Disease 


by JOHN L. EMERY and DOROTHY J. HILTON 


This investigation was stimulated by the 
observation that in children dying from 
haemolytic disease of the newborn, and in 
some other children, a gross section across 
the liver, when stained for iron, shows a 
marked difference in the depth of staining 
in the different physiological lobes. 

Apparently, due to the difference in 
oxygenation of the supply to the left and 
right physiological lobes of the liver during 
intrauterine life (11), the amount of eryt!- 
ropoiesis found in the left liver appears 
normally to be less than that in the right 
liver (6). In view of this it seemed likely 
that there may be a difference in the iron 
metabolism in the two lobes of the liver, 
but we have not found any estimations of 
the liver iron or copper that take into ac- 
count differences likely to occur as a result 
of haemopoiesis being different in the left 
and right livers. 

The copper concentration of the liver 
merited study partly because of its prob- 
able relationship with haemoglobin meta- 
bolism but also as a parallel metallic sub- 
stence useful as a control for any changes 
likely to be found in the iron concentration. 

‘t has long been stated that the iron 
ecncentration in the foetal liver is much 
hizher than in the adult liver (8, 21) and 
61173113 Acta Paediatrica Vol. 50 


that the copper concentration of the foetal 
liver is five to ten times that of the adult. 
(3, 4, 12, 17). 

The earlier literature on these metals 
was summarised by Needham (13) and the 
more recent literature is summarised in 
Table 1. 


Material and Method 


The material used in this study came 
from necropsies carried out by the Depart- 
ment of Pathology, The Children’s Hospital, 
Sheffield. The final technique used was that 
of fixation in 10% formol saline. After fixa- 
tion the liver was divided into its physiologi- 
cal lobes and thin slices taken for the estima- 
tion of the water content. The chemical anal- 
yses were carried out on pulverised dried 
liver. The chemical method used for estimat- 
ing the non-haemoglobin iron was that de- 
scribed by Ramsay (15) with the modifica- 
tion of carrying out the analysis on dried 
powdered tissue and omitting the use of 
carbon monoxide which we found did not 
significantly alter our results. As an attempt 
was being made to study the iron concen- 
tration of livers from children dying from 
haemolytic disease and a number of those 
specimens were only available in a fixed 
state, the whole of the work was eventually 
carried out on formalin-fixed material. A 
considerable amount of time was spent in 
assessing the errors liable to arise from using 


234 JOHN L. EMERY AND DOROTHY J. HILTON 
TABLE 1. Summary of the recent literature on the iron and copper concentration of the} TA® 
liver of the foetus and newborn. base 
Tron Copper 
of Wetliver Dryliver Wetliver Dry liver We a 
Author cases Age group mg/l00g mg/100g mg/100g mg/100g Comments oa 
Gladstone (7) 17 Stillborn, lday 9.9-36.8 Non-haemoglobin iron 
Schwartz, Baer & Similar findings to a 
Weiser (16) Gladstone one 
Ramage, Sheldon & 6 Below 24 weeks 210 Total iron ri 
Sheldon (14) gestation pd 
6 Full term 250 96 
Toverud (19) 47 Full term 200 Method includes some 9 6 
haemoglobin iron 
53 26-38 weeks 168 Estimations on combin - 
gestation liver and spleen 2 6 
Iob & Swanson (9) 14 Foetuses 19.4—73.7 Total iron 26 
Briickman & Zondek (1) 5 Newborn 8.8-58.5 8.0-38.2 Non-haemoglobin iron 26 
Widdowson&Spray(20) 11 Immatureand  6.8-37.0 Inorganic iron 28 
stillborn 98 
14 Immature and 1.53-8.70 Estimations on combing 98 
stillborn liver and spleen 29 
Smith, RoselloSay & 14 0-6 months 6-16 Total iron 29 
Yeya (18) 29 
Kaldor (10) 6 Stillborn Over 50 Non-haemoglobin iron 99 
over 3150 g 29 
10 Stillborn Under 50 30 
under 3150 g 30 
Morrison & Nash (12) 25 Infants 2.4 30 
Sheldon & Ramage (17) 5 Foetuses 15-35 30 
Butt, Nusbaum, 46 Premature 39.5 Includes children up ti 30 
Gilmour & Didio (2) 3 months after birth 30 
34 Mature 26.49 39 
32 
32 
32 
fixed as distinct from fresh livers. It was Results a 
found that fixed tissues gave slightly lower 33 
eomiite. The general results of the chemical anal- 34 
The copper estimations were carried out yses are presented in Table 2. Different 34 
on parallel samples using the method of aspects of the findings will be discussed a 
ion & Green (5). separately. 34 
Each liver was treated as two separate 34 
livers, the right and left lobes being treated The Effect of Age 34 
independently. Thus the total number of ; ; a 
specimens examined was 150 from 75 chil- Iron and copper concentrations, given 35 
dren who had shown no Rh incompatibility as an average of the left and right lob:s, } 
and in whom no gross abnormalities of the are presented in Fig. a. Direct inspecti mn —_— 
ented by eyo cron graphs suggests that there is no d'f- 
examination of sections microscopically. f b the i d V. - 
Livers from 11 children who had been suf- i — : 
fering from known Rh incompatibility were centrations with maturity. This wwsj| In; 
also examined. confirmed on statistical analysis. (Tie | 12 
variance ratio (F) for iron being 1.27, for S 
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of the] TA38LE 2. Chemical results of the water content and the iron and copper chemical analyses 
ba:ed upon dry weight from the left and right livers of 75 apparently normal livers and 11 
— children with haemolytic disease. The cases are listed in ascending maturity. 
Weeks Weeks 
is gest- % Water Iron Copper gest- % Water Iron Copper 
a. __| ation L R L R L R ation L R L R L R 
in. iron 
e 25 79 78 148 100 21.1 18.5 36 86 88 48 46 11.5 11.3 
25 75 74 68 58 79 5.6 36 81 81 132 142 21.5 22.6 
25 80 81 75 16.3 16.8 36 80 80 50 50 8.6 6.7 
26 83 82 159 145 17.0 17.0 36 85 85 48 46 8.6 8.0 
26 80 80 140 115 16.1 16.4 37 78 79 150 152 11.3 14.9 
ovate 26 79 79 46 41 15.2 12.2 37 77 75 187 168 16.5 14.1 
26 76 77 100 37 81 79 253 247 19.3 22.0 
ome 26 75 77 52 40 10.9 13.2 37 80 81 45 43 20.6 21.8 
26 80 80 120 100 11.6 9.5 37 81 ig 95 74 13.7 TET 
26 80 79 105s 81 23.1 21.8 38 84 84 54 51 4.8 3.8 
= ines 26 78 77 86 52 10.3 7.9 38 83 80 38 8634 6.4 8.2 
26 81 80 100 90 14.2 12.9 38 80 80° 165 155 19.1 27.3 
28 77 75 135 96 16.9 14.7 39 81 82 84 72 23.9 27.8 
ombin 28 78 78 95 82 16.4 18.0 39 76 75 96 88 14.2 16.8 
| 8628 81 82 126 128 10.0 10.2 39 83 83 124 112 14.0 11.2 
29 79 78 119 118 20.9 18.5 40 81 81 | a 26.9 19.4 
29 78 79 50 38639 13.2 12.9 40 79 78 300 259 13.9 16.6 
.— 29 82 81 105 100 15.9 15.8 40 76 75 39 = 332 22.1 25.1 
29 81 80 158 145 12.5 11.3 40 82 82 144 133 6.7 7.5 
29 82 81 278 232 15.7 13.4 40 75 74 132 69 18.7 17.0 
30 78 78 30 «629 35.5 32.0 40 78 78 114 82 5.4 6.1 
30 77 76 187 158 15.7 17.1 40 79 80 204 145 12.1 14.6 
30 77 75 204 204 20.9 20.9 40 Oa 77 157 «157 8.8 10.6 
up td 30 85 83 59 39 40 76 75 345 252 20.5 23.3 
ith 30 82 8] 122 121 13.9 11.3 42 78 78 127. 77 13.7 11.3 
30 84 84 119 106 12.6 12.6 42 78 75 49 38 11.1 9.3 
32 81 80 248 190 22.8 17.9 42 80 79 170 181 12.5 15.0 
32 78 177, 165 12.7 14.1 43 84 83 43 55 13.7 11.3 
32 78 79 204 162 19.0 19.0 43 77 77 117 (109 15.0 19.7 
32 81 80 105 85 14.4 12.1 44 80 79 100 119 11.5 13.2 
32 82 82 47 40 14.9 18.0 44 84 82 61 69 18.8 22.6 
33 80 79 80 «81 20.2 14.9 
7" 33 77 #77 «180 113 21.5 23.0 Rh cases 
agg 34 89 90 45 48 6.1 4.8 36 83 84 340 356 7.3 27 
rent 34 76 76 71 54 16.4 15.7 36 77 77 144 282 71 107 
wed 34 81 84 68 81 17.1 44:7 37 82 81 228 305 17.9 24.9 
34 83 83 153 159 9.3 7.6 38 76 75 351 11.8 11.5 
34 87 86 79 66 24.0 26.2 38 88 88 242 582 18.4 19.0 
34 86 85 5348 8.0 8.8 38 88 88 258 450 16.1 14.0 
34 78 a¢ 186 187 25.4 24.2 39 71 74 183 208 8.9 11.6 
35 79 79 172 172 21.8 19.3 40 86 86 372 465 8.9 9.8 
ven 35 77 77 187 165 22.1 21.8 40 86 85 172 253 5.2 5.8 
35 82 84 72 54 10.0 10.0 40 81 81 221 221 5.2 6.0 
bes, 3 80 80 60 50 27.2 21.8 42 78 78 177-218 8.2 12.7 
tion 
d'f- 
ca | V. =70, and V, =4, F(0.05) = 5.69, show- was found with the copper estimations. 
wis | ing no significant difference between age Thus there is no suggestion of any increase 
Tie | gioups.) in iron or copper concentration with in- 
for Similar lack of significant difference creasing intrauterine maturity. 
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mg. Iron per 100g. Dried Liver 


1 1 1 
24 26 28 30 32 


mg. Copper per 1OOg. Dried Liver 
T 


24 2% 28 30 32 34 36 38 40 42 44 
Gestational Age in Weeks 

Fig. 1. The iron and copper concentration per 
hundred grams dried liver related to gestation 
age in weeks. The average of the two lobes of 
each case was taken for this chart. Children with 
haemolytic disease are represented with circles 
around the significant points. 


Left and Right Lobes 


The iron concentration of the left liver 
is higher than the right by an average dif- 
ference of 2.43+0.99 mg/100 g with a 
95% certainty. The difference in iron con- 
centration between the left and the right 
liver appears to be highly significant, 
being significant at the 0.1% level. 

Using a similar statistical technique of 
analysis, it was found that there was no 
significant difference between the left and 
right lobes with regard to the copper con- 
centration. 

When the effects of age and the left and 
right lobes were tested for interaction ef- 
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fect, there was no interaction present. 
Therefore, it can be concluded that the ge 
and the left and right values are indep--n- 
dent for copper and iron. 


Cases with Haemolytic Disease 


The average iron and copper levels of 
the children with haemolytic disease are 
presented by large circles around dots in 
Fig. 1. The iron levels of the Rh cases are 
considerably higher than the normal range. 
In these cases, however, the right lobe is 
higher than the left lobe by an average dif- 
19.00 + 12.76 with a 95% 
certainty. This difference is significant at 
the 1 % level. 

When the left and right lobes of the Rh 
livers are compared with the normal series, 
there is a very significant difference. 
Regarding the right lobe, the mean for the 
Rh cases is 58.09 and for the norma! cases 
21.96, the standard error of difference 
being 5.29. Regarding the left lobe, how- 


ference of 


ever, the difference is not so great, the 
mean for the Rh cases being 39.09 and for 
the normal cases 24.32. The standard error 
of difference is 5.78. The difference, how- 
ever, is significant at the 5 % level only, as 
distinct from the 0.1 % level for the right 
lobes. 

Regarding the copper concentration in 
the Rh cases there is no significant dif- 
ference between the left and right lobes. 
There appears, however, to be a difference 
between age groups. The mean copper co- 
tent for the Rh group 36 and under -0 
weeks is 15.06 and for the group 40— 4 
weeks is 7.72, the standard error of d‘f- 
ference being 2.748. On this evidence it a - 
pears that the difference between the a; e 
groups is significant at the 1 % level. 
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IRON AND COPPER CONCENTRATION OF THE LIVER 


Summary of Results 


‘'wo things emerge from this study con- 
cerning the normal series. First, that there 
is no increase in the normal copper and 
iron concentration of the liver during later 
stages of normal intrauterine life. Second, 
that there is a significant difference be- 
tween the iron concentration of the left and 
right livers in normal intrauterine life. 
The iron concentration of the left lobe is 
higher than that of the right. There is no 
difference between the copper concentra- 
tion of the two physiological lobes. 

In children with haemolytic disease 
there is a very great increase in the iron 
concentration in the liver. This is present 
throughout both lobes but is more marked 
in the right lobe than in the left, so that 
there is a complete reversion of the appa- 
rent physiological ratio of iron concen- 
tration. The copper concentration in these 
cases is significantly diminished only in the 
children surviving to full term. 


Discussion 


Our findings would suggest that the im- 
pression gained by some earlier workers 
that there is an increase in the iron con- 
centration of the liver in later intrauterine 
life is probably due to the inclusion of some 
cases of haemolytic disease among their 
normal series. It is also interesting that 
in our own material we have found several 
cases in which the iron concentration was 
in the same region as those of children 
with known Rh disease and in whom no 
serological incompatibility had been found. 
Tiis suggests to us that these children 
pobably have suffered from some form of 
h: emolytic disease that has not yet been 
d scovered. 
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GESTATIONAL AGE IN WEEKS 
Fig. 2. The average iron concentration in the 
left and right liver of 75 ‘‘normal” livers and 11 
livers from children with Rh disease. The latter 


are represented with circles around the signifi- 
cant points. 


The peculiar difference found in the 
iron in the left and right lobes in the nor- 
mals and the Rh livers came as a surprise 
to us (Fig. 2). Under normal circum- 
stances the left physiological lobe has less 
haemopoietic foci than the right and we 
have found that the iron content of the 
left side is higher than the right. This is 
probably explained by the more rapid 
turnover of iron in the right than in the 
left liver. The reverse ratio of concentra- 
tion occurring in haemolytic disease is 
more difficult to explain. The amount of 
haemopoiesis seen in these cases varies 
very much. It would seem likely, that, in 
the Rh cases, we see secondary effects due 
to the child being in a state of chronic 
relative anoxia. In such a state the left 
liver is in a favoured position as it has 
the most highly oxygenated blood, the 
right liver having perhaps the least oxy- 
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genated blood in the body. Thus, when 
toxic and anoxic changes are liable to 
occur, it is the right liver that suffers 
rather than the left. Also the right liver is 
largely supplied with blood that does not 
go through the placenta and it seems pos- 
sible that the placenta removes or fixes 
some of the pre-hepatic iron containing 
haemoglobin substances and thus shields 
the left liver from some of the effects of 
chronic haemolysis. 

Regarding the changes in the copper 
concentration seen in older children dying 
with haemolytic disease, we are at a loss to 
explain this unless it could be that there 
has been a general depletion in copper re- 
serves in the foetus due to the increased 
turnover of haemoglobin metabolism or 
perhaps an increased deposition in other 
organs, possibly the brain. 


Summary 


A study of the iron and copper con- 
centration of livers from 75 apparently 
normal stillborns and 11 infants dying 
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with haemolytic disease, show that in 
normal circumstances there 
crease in the iron and copper concentrat: 9n 
with increasing intrauterine maturi y. 

There is no difference between the c n- 
centration of copper in the left and right 
lobes but there is a significant difference 
in the amount of iron, the left containing 
more than the right. 

In children with haemolytic disease 
there is a gross increase in the iron con- 
centration of the liver and this is more 
marked in the right than in the left lobe. 

In children with Rh disease there is 
possibly some diminution in the copper 
concentration of the liver in those cases 
that survive to full term. 


is no 
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From the Institute for Medical Genetics, University of Uppsala, and the Pediatric Cli:ic, 
Karolinska Sjukhuset, Stockholm, Sweden 


Chromosomal Abnormality in a Mongolism-Like Syndrome’ 


by J. A. BOOK, K.-H. GUSTAVSON and BERTA SANTESSON 


The 
man was unequivocally determined as 
46 by Tjio & Levan (13) in 1956. Most 
patients with mongolism have 47 chromo- 
8). The extra chromosome? 


somatic chromosome number in 


somes (2, 7, 
is morphologically identical with no. 21, 
i.e. it is a very small acrocentric chromo- 
some with satellites. Preliminary data on 
meiosis in a few male patients indicate the 
occurrence of trivalents during the first 
(9). 


trisomy is very likely. 


metaphase Consequently, genuine 

This trisomic type of mongolism should 
be caused by the occasional production of 
gametes with 24 and 22 chromosomes 
through non-disjunction during meiosis. 
The gametes contain either two chromo- 
somes no. 21 or none. The former fertilized 
by normal gametes give rise to children 
with mongolism. The fate of zygotes having 
45 chromosomes, among which one chro- 
mosome no. 21 only, is unknown. This 
type of monosomy could be lethal at an 
early fetal stage. The well-known as- 
sociation between mongolism and ad- 
vanced maternal age indicates that non- 

1 This investigation is part of a programme 
aided by grants from the Foundations’ Fund for 
Research in Psychiatry, the Swedish Atomic 
Research Council, the International Atomic 
Energy Agency, and the United States Atomic 
Energy Committee. 

2 The Denver nomenclature of human mitotic 


chromosomes has been used consistently in this 
paper (Lancet 7: 1063-1065, 1960). 


disjunction is more common at oogenesis 
in women at the end of their reproductive 
period. 

While trisomy for the 21st chromosome 
is the usual genetical explanation for 
mongolism, other cytological types have 
been found. It is not yet clear whether the 
clinical syndromes associated with these 
other chromosome abnormalities are iden- 
tical. 

Fraccaro et al. (5) found 46 chromosomes 
in a boy with mongolism. There were five 
chromosomes of group 19-20 instead of 
four and only one chromosome 21. The 
most likely explanation of this karyotype 
is that the new chromosome originated 
through centric fusion of two chromoso- 
mes no. 21. 

Another type of translocation in a girl 
with mongolism was reported by Polani 
et al. (12). The chromosome number was 
46, and the translocation interpreted as 
having occurred between chromosomes 
nos. 14 and 21. 

The discovery of these translocations 
also explains the exceptional occurrence 
of several individuals with mongolism in 
the same sibship. Two such families have 
been reported from England (4, 11). In 
both cases the normal mother had a 
translocation between chromosomes 15 
and 21 and a total of 45 chromosome... 
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The affected children, having a total of 46 
chiomosomes, apparently had inherited 
the translocation chromosome 15/21 .plus 
one normal no. 21 from the mother and 
one normal no. 21 from the father. The 
common denominator for these non- 
trisomic types of mongolism is that they 
should have nearly all the genetical code 
material of chromosome no. 21 in triplicate. 
The loss of chromosome material through 
the translocations is apparently very 
small. 

We have observed a patient with a 
mongolism-like syndrome who dispiayed a 
new and different type of chromosomal 
aberration which was briefly mentioned 
in an earlier report (1). This patient is one 
of a series of 35 individuals with mongo- 
lism or suspected mongolism who have 
been karyotyped in our laboratory since 
1959. 


Description of the Patient 


S. L. is a girl born Oct. 3, 1956. Her mot- 
her, born in 1929, is healthy and S. is her 
only child. There have not been any abor- 
tions. The father, born in 1925, is healthy 
and has three normal children by a previous 
marriage. No cases of mongolism, malforma- 
tions, mental retardation or other significant 
diseases or defects are known among the 
near relatives. The mother was healthy during 
the pregnancy and received regular pre-natal 
care. The patient was born at full term by 
an uncomplicated breech presentation. Her 
weight at birth was 3520 g, her height 47 
em and her head circumference 34 cm. She 
suckled poorly but no other neonatal compli- 
cations occurred. 

The patient was admitted to a pediatric 
cliiie in Stockholm at the age of 9 months 
because of constipation and retarded devel- 
op nent. She had a slightly reduced muscu- 
lar tonus and hyperflexible joints. Her 
he zht was 64 em, which is considerably 
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below the average. Her weight in relation to 
the height was normal. Her head circumfe- 
rence was 45 cm, which is normal for her 
age. She had a broad nose bridge, left-sided 
strabismus, smaller than normal palpebral 
fissures, bilateral epicanthus, a preauricular 
outgrowth on the left side and misshapen 
prominent ears. No physical signs of heart 
disorder were found. 

Roentgenograms of the hip-joints showed 
both caput femori dislocated above the ar- 
ticular cavity (Fig. 1). Roentgenograms of the 
skeleton revealed an approximate three 
months’ retardation in the development of 
the bone nuclei. 

The serum cholesterol was 180 mg per 
100 ml and the protein bound iodine 7.9 
bg per 100 ml. 

An estimate of her development according 
to the Biihler-Hetzer scale showed corres- 
pondence with a child of seven months, i.e. 
a retardation of two months. 

Ophthalmoscopic examination at the eye 
clinie of Karolinska sjukhuset in Stockholm 
revealed a retinal degeneration with scat- 
tered white spots in both eye fundi. The op- 
tic discs were normal. An electroretinogram 
showed no pathological changes. 

At the age of 15 months the patient was 
transferred to the orthopedic division of St. 
Géran’s Hospital in Stockholm where the 
luxations were replaced and casts applied. 
On account of a continued tendency to dis- 
location, sub-trochanteric osteotomies were 
made on both femurs in January, 1959. A 
further osteotomy was made on the left 
femur in October, 1959. Since then she has 
had no dislocations. 


Examinations at the Pediatric Clinic of 
Karolinska sjukhuset in Stockholm 


The patient was first admitted in Oct. 
1958 at the age of two years. She has been 
readmitted several times for follow-up 
studies. The last time was in Aug. 1960. 

Her height has always been below normal. 
However, her weight in relation to her height 
has been normal. 

Roentgenograms of the head showed a 
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Fig. 1. Roentgenogram of the patient’s hip joints. 


Fig. 2a and b. The 4 year old girl with a mongolism-like syndrome. 


somewhat small calvarium. No intracranial 
calcifications were visible. There were no de- 
formities of the facial region or of the base of 
the skull. Roentgenograms of the skeleton 
showed a normal number of ossification 
centers with regard to her height but fewer 
than normal with regard to her age. The 
bones were slender. No deformities of the 
middle phalanges of the little fingers were 
visible. An intravenous urogram showed a 


normal anatomy. Roentgenograms of the 
heart and lungs were normal. 

The electrocardiogram and the electyo- 
encephalogram were likewise normal. Ply- 
siological values were obtained for hen o- 
globin and red blood cells. The white blood 
cell count was 5000-7000 per cmm with a 
normal differential count. The fasting blood 
sugar was 109 mg per 100 ml, the serum 
cholesterol 210 mg per 100 ml, the serim 
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calcium 10.8 mg per 100 ml, the serum 
phosphorus 6.1 mg per 100 ml, the serum 
protein 7.1 g per 100 ml with normal electro- 
phoretic pattern and the protein-bound 
iodine 9 wg per 100 ml. 

‘The Wassermann reaction was negative. 
A serological test of toxoplasmosis gave a 
negative result. Direct and indirect Coombs 
testis were negative. She had no proteinuria. 
The urinary sediment was normal. Screening 
of the urine for detection of metabolic dis- 
orders (after Lingen, 1960) comprising one 
and two-dimensional amino acid chromato- 
graphy, FeCl, reaction and dinitrophenyl- 
hydrazin reaction revealed no pathological 
changes. No sugars indicating metabolic 
disease were found in the urine. 

At 2 years of age the patient was clearly 
retarded in her development. Judged by fine 
motor movements her development was 
equivalent to a child of 15 months, and with 
regard to gross movements to a child of 11 
months. Her social development was equi- 
valent to a child of about 12 months. A 
further estimate of her development made 
at the age of 3 years showed that the fine 
motor movements and the adaptive develop- 
ment were equivalent to that of a child of 
2 years. The patient walked at the age of 3 
years and 5 months. She could speak single 
words at the age of 3 years. 

An estimate of her intellectual develop- 
ment at 3 years and 7 months of age showed 
a general level corresponding to a 24 year 
old child. The patient has always been easy 
to handle. She is cheerful and likes to sing 
and listen to music. Her general health 
has always been good. Apart from a chronic 
blepharitis, no infections have been reported. 

\ physical examination in Aug. 1960 
(K.-H. Gustavson) showed a 3 years and 10 
months old somewhat small girl with a rather 
od] appearance (Fig. 2). Her head circum- 
ference was 45 cm, the length 15.8 cm, the 
br:adth 13.4 em and the cephalic index 84. 
H:r height was 88 cm and her weight 13 kg. 
Sl > had typical epicanthic eye-folds on both 
si-es. The palpebral fissures were narrow 
ar 1 she had a slight blepharitis bilaterally. 
T e nose was flat and relatively small with a 
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Fig. 3. Dermal pattern of the left hand of the 
patient. The axial triradius could be classified 
’? (maximal atd angle 53°). 


broad bridge. The ears were misshapen and 
prominent. The tongue was of normal size 
and without sign of papillary hypertrophy 
or deep furrows, and not protruding. The 
position and the shape of her teeth were nor- 
mal, but she had extensive caries and para- 
dentosis. The hands were relatively short and 
broad with short little fingers. The feet were 
small and short and in a typical plano-valgus 
position. The third toe was considerably lo- 
wer set than the others. The joints were 
hyperflexible and she had a generally dec- 
reased muscular tonus. No physical signs 
of congenital heart disorder were found. The 
configuration of the thorax, the abdomen 
and the external genitalia were all normal. 
Further routine physical and neurological 
examination showed no apparent abnorma- 
lities. No four-finger line was present. 

The dermal ridge patterns of the hands 
and feet (cf. Fig. 3) were quite different 
from those usually found in mongolism. We 
are grateful to Professor L. S. Penrose, who 
has discussed these details in the appendix. 
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Summary of Clinical Findings 


The patient is a 4 year old girl displaying 
a moderate mental and physical retarda- 
tion. She has certain symptoms and signs 
characteristic of the mongolism synd- 
rome. However, the dermal patterns of 
her hands and feet are not typical of this 
syndrome. She also has a bilateral con- 
genital dislocation of the hips and signs of 
retinal degeneration. 

The Thyroid 
disease is excluded and no evidence of an 


etiology is unknown. 
environmental cause has been disclosed. 
There are no signs of abnormal sexual 


development. 


Cytological Observations 


Chromosome studies were made ac- 


cording to the technique developed in this 
laboratory (2, 3,.6). The cytological ob- 
servations on the patient 8.L. were based 
on 3-5 separate primary cell cultures and 
their subcultures from one bone marrow 
biopsy and two skin biopsies taken from 
the right and the left side of the body. 
The 
based on similar unilateral skin biopsies. 
The results 
Table 1. 


karyotyping of the parents was 


have been summarized in 


TABLE lI. 
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Ve 


Fig. 4. Detail of a part of a metaphase plate. 

The arrows point to 3 satellited acrocentric 

chromosomes described in the text. Dermal cell 
culture of the patient. 


The material derived from the patient 
to 
exclude cytogenetical heterogeneity. A- 


gave sufficiently consistent results 


mong 61 metaphases selected as_ being 
apparently undamaged 53 had exactly 46 


chromosomes. The deviations show in 
Table 1 are the usual ones to be accounted 
for by methodological errors. In all 


these 46-chromosome cells we found five 
short acrocentric chromosomes of group 


21-22, i.e. one additional chromosome. 


Summary of chromosome analyses of the patient and her parents. 


Individual and 


Chromosome counts 
origin of cultured 


Total 


number of Chromoson 


cells 45 46 4671 47 analysed cells complemen 
S. L. bone marrow ] 13 4 1 19 Trisomic 21, » \no- 
somic 16, or t 
location 16/2] 
S. L. skin 2 40 42 
Mother, skin 18 1 20 Normal 
Father, skin l 19 l 20 Normal 
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Chromosome complement of the patient, interpreted as monosomic 16, trisomic 21 or as 
translocation between the short arms of 16/21. 


Fig. 6. Apparently normal chromosome complement of the mother. 


Fig. 7. Apparently normal chromosome complement of the father. 
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Eighteen cells derived from all three 
biopsies were subjected to a detailed analy- 
sis with the aid of enlarged microphoto- 
graphs. In four of these, three small 
acrocentric chromosomes with satellites 
could be seen clearly (cf. Fig. 4). By 
morphological criteria these should be 
21’s. Ordinarily group 16-18 has six 
chromosomes, but in this case only five 
were recovered. By arranging the chromo- 
somes of this group according to arm 
length and centromere position the odd 
chromosome was considered to be no. 16. 
The karyotype has been exemplified in 
Fig. 5. Typical sex chromatin was found 
in 50-60 % of the interphase nuclei of skin 
and oral mucosa cells. 

The cells derived from the parents 
showed the normal diploid number of chro- 
mosomes. The chromosomes of four 
metaphases from each parent have been 
matched and analysed in detail. The nor- 
mal karyotypes are exemplified in Figs. 6 
and 7. 

The reliability of the diagnosis of indi- 
vidual karyotypes by the techniques used 
in this laboratory has been discussed in 
previous papers (3, 6). 

While several interpretations of the 
karyotype of this patient are theoretically 
possible, the following two alternatives 
appear most likely: 

(1) The additional 
group 21-22 is a third chromosome no. 21. 
The patient thus should be trisomic 21 
and monosomic 16. This postulates a pro- 
cess of non-disjunction during meiosis in 
one or both parents. The zygote should be 
the result of a combination of a normal 
haploid gamete and one gamete lacking 
chromosome no. 16 and at the same time 
having two 21’s, or a combination of two 


chromosome in 
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gametes one of which had the haploi : set 
plus an additional chromosome no. 2: and 
the other one having the haploid set 7 ‘nus 
one chromosome no. 16. 

(2) The additional small acroce:itric 
chromosome originated during gazieto- 
genesis in either parent by a transloc:ition 
between nos. 16 and 21. It should cousist 


of the small arms plus the satellites o/ no. | 


21 and the short arms of no. 16, assuming a 
point of exchange close to the centromeres. 

At the present time we cannot give a 
preference to either of these two inter- 
pretations. The remarkable fact remains 
that this patient lacks a considerable 


amount of chromosome material even if | 


definite monosomy is doubtful. The situa- 
tion is, however, not unique as this patient 
from a cytogenetical viewpoint is very 
similar to another patient with a con- 
genital heart defect who was investigated 
in this laboratory (3). The alternatives 
in that case were a combination of tri- 
somy for 19-20 and monosomy for 22 or 
a 22/19-20 translocation. 


Comments 


The diagnosis of mongolism is usually 
based on the presence of mental deficiency 
in combination with three or more o! the 
following signs: (1) a brachycephalic »kull, 
(2) oblique palpebral fissures, (3) ep'can- 
thic fold over either eye, (4) fissured to: gue, 
(5) blepharitis, (6) transverse fold on «:ther 
palm, (7) short crooked fifth finger. ‘ here 
is, however, no general agreement s to 
which combination gives a safe diag osis. 
With the discovery of the specific g »eti- 
cal etiology of this syndrome such rgu- 
ments have become pointless. The ues: 
tion whether or not the term mong \lism 
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should be kept to signify a special clinical 
syn'irome will depend on which differen- 
ces, mental, physical or biochemical, will 
be found between patients with different 
karyotypes. So far it is clear that mongol- 
ism does not constitute a clinical and 
genctical entity. 

On the clinical signs and symptoms the 
patient reported here could be grouped as 
a case of mongolism. Nevertheless, in as 
much as this patient is genetically entirely 
different from the common trisomic type, 
as well as different from the translocation 
types so far reported, we are concerned 
with a new genetical disease entity. From 
this point of view one might argue that the 
patient also represents a new clinical 
syndrome. 

Points of particular interest are the oc- 
currence, simultaneously with a number 
of signs often connected with the mongol- 
ism syndrome, of congenital dislocation 
of the hips and retinal pathology. Neither 
of these two changes have significant as- 
sociations with mongolism (10). Their 
significance in this patient will remain ob- 
scure until further cases with the same 
karyotype have been found. The presence 
of these two defects may be accidental or 
due to the expression of recessive genes 
locatcd in monosomic chromosome seg- 
ments. In both instances these defects 
wou':! not form consistent parts of a clini- 
cal svndrome. 
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Summary 


The cytogenetical and clinical observa- 
tions of a 4 year old girl with a mongolism- 
like syndrome are reported. The patient. 
showed a moderate mental and physical 
retardation. Some signs and symptoms 
considered characteristic of mongolism 
were present. Others, such as the dermal 
patterns of hands and feet, rather con- 
tradict this diagnosis. In addition the 
patient had a bilateral dislocation of the 
hips and unspecific signs of retinal dege- 
neration. There were no signs of abnormal 
sexual development. 

Chromosome studies based on cell cul- 
tures derived from bone marrow and skin 
biopsies revealed a chromosome number 
of 46 and a consistent karyotype pattern 
which was interpreted as a combination of 
trisomy for chromosome no. 21 and mono- 
somy for no. 16, or alternatively as a 
translocation between the short arms of 
16/21. Typical sex chromatin was present 
in 50-60 % of the interphase nuclei. Both 
parents had apparently normal karyo- 
types and were free from signs or symptoms 
of significant disease. 

This patient represents a new genetical 
disease entity and clinically a variant of 
the common trisomic type of mongolism. 
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Appendix 


The following analysis of dermal ridge 
patterns was made by Professor L. S. Pen- 


rose, at the Galton Laboratory, London 


W.C. 1. 
Finger tip patterns 
Left: V — vestigial whorl (2); IV — arch (0); 
III — arch (0); If — arch (0); [— ulnar loop (7). 
Right: V — whorl (9 or 6); IV — arch (0); 


III — arch (0); If — arch (0); I— ulnar loop(9). 


Total ridge count (Q) =27 


Palmar patterns 

Left: The a triradius is duplicated; 6 and c 
triradii are fused in a way which occurs in 
syndactyly of 3rd and 4th digits. The axial 
triradius could be classified ¢’. (Maximal 
atd angle 53°.) There is a well-defined thenar- 
first interdigital pattern. 

Right: The a triradius is duplicated; b and 
c are fused as on the left hand. The axial 
triradius is in the position t’’ (maximal atd 
angle 61°) and there is a subsidiary triradius 
on the extreme ulnar aspect. A small thenar- 
first interdigital pattern is present. 


Plantar patterns 
Left: The hallucal area contains a whorl 
and there is another whorl in the third- 
fourth interdigital region. 


Right: The halluecal area contains a well- 
marked whorl and there is a digital loop 
between the hallux and second toes. 


Note 


The configurations on the fingers, palms 
and soles do not suggest the diagnosis of 
mongolism, indeed they practically exclud 
it. The finger print patterns show 6 arches 
out of 10 which would be a very unusual 
finding in mongolism. Moreover, bilateral 
thenar patterns are very rare and _ hallucal 
whorls also are most uncommon in mongo- 
lism. 

The arrangement of the main lines in 
upper part of the palm is peculiar but «gain 
not characteristic of mongol hands. On th 
contrary, it is of a type found on some }:ands 
of females with gonadal agenesis (Turner's 
syndrome); the presence of rather wid: atd 
angles together with thenar-first interd ital 
patterns I have also found to be char :cte- 
ristic of that condition. 


Reference 


WALKER, N. F.: The use of dermal configur tions 
in the diagnosis of mongolism. J Pedi trics. 
50: 19-29, 1957. 
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From the Department of Paediatrics, University Hospital, Leyden, Holland 
(Head: Prof. Dr G. M. H. Veeneklaas) 


Exudative Enteropathy 


by L. J. DOOREN, H. H. van GELDEREN and C, L. J. VINK 


Hypoproteinaemia is not an uncommon 
finding in many diseases. Usually a specific 
cause for the low serum protein can be 
found. After careful analysis, however, 
there remains a group of patients in whom 
the cause of hypoproteinaemia cannot be 
identified. This disease has been called 
essential or idiopathic hypoproteinaemia. 
The main symptoms of essential hypopro- 
teinaemia are oedema, disturbance of 
growth and, very often, gastrointestinal 
complaints (3, 5, 9-11, 13, 15, 20-22, 
25-27, 31, 32, 34, 37-39, 43, 47). Often 
there is steatorrhoea, sometimes hyper- 
trophic gastritis. Blood analysis reveals 
hypoproteinaemia; usually the albumin 
fraction is decreased but sometimes one 
or all of the globulin fractions are reduced. 
Hypocaleaemia is frequent. The intake and 
resorption of proteins is normal, as is 
and renal function. 


liver, pancreatic 


The course of the disease can be mild or 


transient (especially in infancy), but is 
often chronic and sometimes fatal. 

“ deficiency of protein synthesis was 
firs postulated as the cause of the hypo- 
pre einaemia, but since 1949 various 
wo) <ers, using different methods of label- 
ing oroteins or amino-acids, have shown a 
gre ‘ly accelerated disappearance rate of 
ser n-albumin and often also of gamma- 
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globulin (1, 2, 5, 7, 16, 21, 26, 28, 36, 39, 
40, 42, 44). It was assumed from these in- 
vestigations that the hypoproteinaemia 
was the result of hypercatabolism, as no 
loss of protein could be found. 

Though diarrhoea and fatty stools are 
often encountered in the published case- 
histories of essential hypoproteinaemia, 
the cause of the low serum protein was not 
sought for in intestinal disease until re- 
cently. However, in 1959 Citrin (6) noted 
the frequent occurrence of hypoproteinae- 
mia in hypertrophic gastritis. Radioactive 
labeled albumin was injected intrave- 
nously into a patient with hypertrophic 
gastritis and was recovered from the 
gastric contents from which Citrin deduced 
that the hypoproteinaemia in this patient 
was caused by loss of protein into the 
stomach. Gordon (18, 19) suggested that 
in essential hypoproteinaemia leakage of 
proteins into the intestines could explain 
both the low serum-protein and the rapid 
disappearance of injected albumin or 
gammaglobulin. The proteins lost into the 
intestinal lumen will be reabsorbed after 
being split into amino-acids and resynthe- 
tisized to serum proteins, after which part of 
them will again be lost into the intestines. 
After maximal protein synthesis has been 
reached hypoproteinaemia will develop. 
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No loss of proteins with the stools can be 
demonstrated and nitrogen resorption 
will be normal. Gordon demonstrated this 
leakage by the intravenous injection of 
radioactive labeled polyvinylpyrrolidone 
(PV?); this compound, which has an 
average particle size somewhat lower than 
that of serum albumin, cannot be meta- 
bolived after leakage into the intestines. 

Ir 9 patients with essential hypopro- 


tein: emia, Gordon found a much larger 
part of the injected PVP in the stools 
thar in 41 normal controls. He suggested 
the 1ame “exudative enteropathy” for 
thes cases of hypoproteinaemia (19). 

S ce Gordon’s first experiments, other 
cas‘ of essential hypoproteinaemia have 


13 14 15 16 
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been published in which also an increased 
loss of injected labeled PVP with the 
stools was reported. 


Case Histories 


Patient A., a female infant, developed 
hypoproteinaemia at the age of four months. 
Serum protein values: 30 g/L total protein, 
of which albumin 59.9%, «,-globulin 7.3%, 
-globulin 17.4%, B-globulin 12.1%, y- 
globulin 3.3%. Serum calcium was 77 mg/L, 
intake and resorption of protein was normal. 
There was no albuminuria but there was 
moderate hyperaminoaciduria with a normal 
pattern. Fat resorption coefficient was only 
64% both on glutenfree and normal diet. 
Liver, pancreatic and renal functions were 
normal. No PVP test was performed in this 
patient. 
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The diagnosis was essential hypopro- 
teinaemia. Figure 1 shows the course of the 
disease. The child recovered spontaneously; 
the return to normal of serum proteins was 
accompanied by an increase of fat resorption 
to normal values, indicating a relationship 
between the two phenomena. Aminoaciduria 
also became normal. She is an example of the 
transient infantile form of essential hypo- 
proteinaemia (4, 12). 

Patient B., a boy of 13 years of age, was 
investigated because of stunted growth with 


mental deficiency (IQ: 63), for which no 
specific cause could be found (Fig. 2). 
an 


Hypoproteinaemia (49 g/L) (Fig. 3) was 
incidental finding since there were no clinical 
symptoms. Thorough investigation did not 


disclose a cause for the low serum proteins. 
Serum calcium, fat-resorption and aminoaci- 
duria were normal. A diagnosis of essential 
hypoproteinaemia was made. 

The boy suffered from stomach-crar ips; 
ind 
idy 


a year before a duodenal ulcer was fo 
(Dr. Huysinga) and at the time of our si 
there was X-ray evidence of duodenitis 
jejunitis (Fig. 4). A PVP test revealed ai 
cessive loss of PVP with the stools. 
Patient C., a girl of 14 years of age. 
generalized oedema since birth (Fig 
There was also chronic diarrhoea. M: 
and somatic development were reta 
(Fig. 6). The main biochemical data are ; 1m- 
marized in Fig. 7. As no cause for the 
hypoproteinaemia was found, the diag o9sis 
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Fig. 4. Roentgenological findings in patient B.—A. The duodenum descendens has lost its mucosal 

pattern, The contours are coarse, and the duodenum is partly widened. B.The jejunum has also a 

coarse mucosal pattern and contains rather much secretion. Segmentation and scattering of the 
barium contrast is noted. 
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TABLE 1. R.C. fat and R.C. nitrogen, nitrogen balances and amincacid excretio: in 


patient C. 


Free a-amino-N 
in urine 


Mean daily Mean daily in % of total R.C, R.C. 
Balance urinary nitrogen faecal nitrogen urinary nitrogen nitrogen fat IN 
periods Diet excretion ing excretion in g excretion in % in% ingda 
15.10-20.10 Gluten 
1958 81 g fat/day 80 
5 days 
6.12-12.12 Gluten free 
1958 42.1 g fat/day 1.18 84.6 88.5 
6 days 7.7 g N/day 
11.1-17.1 Gluten + 
1959 57 g fat/day 7.38 1.09 0.8 89.8 86.5 2.28 
6 days 10.75 g N/day 
17.1-23.1 Gluten + 
1959 57 g fat/day 8.26 2.15 0.8 80.0 0.34 + 
6 days 10.75 g N/day 
23.1-29.1 Gluten + 
1959 57g fat/day 7.56 1.47 1.0 86.5 1.72 +03 
6 days 10.75 g N/day 
29.1-4.2 Gluten + 
1959 57 ~—sg fat/day 8.51 2.02 0.8 81.2 0.22 503 
6 days 10.75 g N/day 
4.2-10.2 Gluten 4 
1959 57 g fat/day 8.55 1.55 1.0 85.6 86.5 + 0.652 
6 days 10.75 g N/day 
Normal values 14% 85-95% 295% 


Intake — Faecal output 
BAC. x 100 % 
Intake 


A N/day = Daily intake — daily (urinary + faecal) output. 


The balance data have been corrected for systematic losses in the collection of urine and favces. 


o has been estimated for random errors in collection, weighing, and chemical analysis 0} the 


samples. 


was essential hypoproteinaemia. Table 1 
shows the results of balance studies. Nitrogen 
balance seemed to be nearly in equilibrium 
(normal loss with nails, hair etc. being about 
1 g a day (30)), but rather frequent abdom- 
inal punctures were necessary, leading to 
much loss of protein (Table 2) and therefore a 
negative nitrogen balance. 

X-ray studies did not disclose marked 
abnormalities of the gastro-intestinal tract. 


3). 


In November 1959 a PVP test reveale | an 
abnormal loss of PVP with the stools (‘J able 


The PVP Test 


In patients B and C a PVP test was per- 
formed as described by Gordon. A gq 1an- 


tity of ['1-PVP was sent to us by Dr 


R. 


S. Gordon, Jr., from the Nat? nal 
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PVP-TEST LAPAROTOMY 
Esidrex 
15 mg dd. 


Total protein 
and protein fractions 
in serumin g/l 
80 


¥ globulin 
globulin 


a,-globulin 
A;-globulin 


albumin 


normal 


Md., 


U.S.A. As a control a PVP test was also 


Institutes of Health, Bethesda, 
performed in a mentally deficient child, 
convalescent from an acute infection (con- 
trol), 


this 


Excretion of PVP via the faeces in 
child 

Tie radioactivity of the solution was 
det 


was in the normal range. 


‘mined after dialysing and sterilizing. 
iantity, corresponding to about 0.40 


uC of T31-PVP per kg body weight 
was injected intravenously without side- 
effe ts. The thyroid gland was blocked by 


ora doses of Lugol’s solution. The radio- 


activity of all urine and faeces samples was 
measured for 7 days, and the disappearance 
rate in plasma was determined. The con- 
tents of the stomach and duodenum were 
aspirated in the first hours after the injec- 
tion of PVP, and radioactivity was meas- 
ured. The results are shown in Table 3. 
The loss of PVP with the stools was abnor- 
mally high in both patients. Radioactivity 
in the contents of stomach and duodenum 
did not vary systematically. A large part 
of the PVP remained in the body for many 
days; this retention was higher in the 
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TABLE 2. Cc nposilfecites 


Date 9.9 1958 1.10 1958 


13.10 1958 1.10 8.10 19. 


Diet 81 g fat/day S! g fade fat/de 
Volume in ml 11,200 7000 100 4608 3000 
Colour milky milky milky milk bvish tu 
Total protein in g/l 20 ig 16.5 
Total protein loss in g 224 2B 49.5 
Total lipoid in mg/100 ml 500 513 4207 200 
Cholesterol in mg/100 ml 78 61 6x} 62 
patients B and C than in the control in the liver, which quantity further de. | Jam 
subject. The same phenomenon was _ creased by about 1% a day. am 
found in the study of Schwartz (39). From Fig. 8 shows the results of all PVP tests | vase 
the limited number of observations it is published up to November 1959. The data | the 
difficult to conclude that this is a real for our patients lie well outside the normal ) pron 
difference. The result is possibly due to a range. A more extensive and technical | ' 4 
higher renal clearance of ['*!~-PVP during description of the PVP-test in our patients tal | 
the first day of the test caused by a higher had been published elsewhere (45). num 
average blood level of this substance in the Since the outlook for patient C was poor, | @PP® 
control than in the patients B and C. and both steatorrhoea and the PVP-test Bi 
(Compare also: t}-values in Table 3.) results suggested intestinal abnormalities | level 
However, several other hypotheses are or disease, it was decided to perform a } ‘han 
possible. laparotomy. It has been shown (21, 39) 
Young (47) demonstrated that 77% of that in some cases of essential hypopro- 
the injected ['3!-PVP was retained inthe teinaemia surgical intervention can lead 
body in his patient after 3 days, mostly to cure. The operation was performed on 
TABLE 3. The cumulative excretion (E) in urine (U) and faeces (F) and the retention Nurr 
(100 minus E) of P*!.PVP, calculated in percents of injected dose, respectively aft:r 4 16 
and 7 days after injection. The disappearance rate of '31-PVP from the plasma is given ‘J 
as ty. 
12 
Idiopathic hypoproteinaemia Oligophrenia 10 
8 
Patient B Patient C Control 
6 
Time after injec- ; = 
tion of Excretion Excretion Excretion 4k 
U F Retention U F Retention U F Reten ion 2 % 
4 days 12.0 4.0 84.0 14.1 4.0 81.9 28.7 1.2 70. 
7 days 13.7 4.3 82.0 15.5 4.5 80.0 30.3 1.8 67.5 
ty} between 0 and 24 bs 
hours after injection 5.2 Hours 8.7 Hours 13.1 Hours Fig. § 
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7.1 1960 


11.4 1960 


1.1018 .10 198 16.9 1959 2.11 1959 Laparotomy 24.2 1960 Laparotomy 
| g fare fat/day 55 g fat/day 53 g fat/day 53 g fat/day 
4668 3000 11,000 8400 5800 6700 +6000 ce 
milk bvish turbid milky milky milky yellowish turbid yellowish turbid 
lig 16.5 19 31 18 
RP 49.5 142.8 110.2 207.7 +108 
420} 200 264 232 104 
6x} 62 74 94 87 
} 
de. | January 7, 1960. The small intestine showed The mucosa was swollen and chronicly 
a much thickened wall with increased _ infiltrated The submucosa was oedema- 
ests | vascularity and a purplish-red colour. In — tous, showing large histiocytes with foamy 
lata | the distal 100 cm these signs were less protoplasm (Fig. 10). The number of 
‘mal } pronounced. The omentum was reduced these macrophages increased in distal 
Lica] | to a course mesh, and there was no omen-_ direction and reached a maximum in the 
ents | tal bursa (Fig. 9). The stomach, duode- second half of the jejunum and the begin- 
num, and large intestine had a normal _ ning of the ileum. In the muscular layer a 
oor, | appearance. yellow-brown pigment was seen, increasing 
test Biopsies of the small intestine at several in quantity in the distal direction. The 
ities | levels revealed remarkable microscopic greatest concentration of the pigment was 
ma p changes. found in the distal part of the ileum. The 
39) 
pro- Frequency - distribution of the percentual PVP - excretion with the faeces 
lead in 52 controls and 17 patients with idiopathic hypoproteinaemia, 
| on 
| Number of cases 
or 4 16 O Pat.with idiop.hypoprot. 
ven 
© Gordon 1959 
© Schwartz 1959 
10 
© ©) Vesin 1959 
8 
@ Young 1959 
6 
@ @ this investigation 
ion 2 
1 2 3 4 6 7 on 12 13 20 
Percentual I'3'- PYP excretion with the faeces 
Fig. : Frequency-distribution of the percentual PVP-excretion with the faeces in 52 controls and 
: 


17 patients with idiopathic hypoproteinaemia. 
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Fig. 9. 


mesenteric lymphnodes also contained 
large quantities of this pigment. Extensive 
histochemical investigation showed that 
these macrophages contained protein-like 
substances and no fat. The pigment could 
be classified as a lipofuscin 

The biopsies of stomach, large intestine, 
and liver showed no abnormalities except 
oedema. 

The 
these pathological findings seemed to us 
to lie in a direct relationship between the 


most probable explanation for 


large cells in the submucosa and the loss 
of protein. It was assumed that these cells 
might take up proteins leaking from the 
vessels into the intestinal lumen. The pig- 
ment was considered to be a secondary 
phenomenon. It has been described in 
other cases of hypoproteinaemia (35), but 
in these cases it was not confined to the 


small intestine. If this theory was correct 
the main “protein-leaking” part of the 
small intestine would be the part where 
most macrophages were found. We there- 
fore decided to perform a resection of this 
part. 

The patient recovered without complica- 
tion from the first operation. On April 1! 
1960 a second laparotomy was performed. 
Twenty-four hours and again one hou! 
before operation small doses of human 
serum albumin labeled with fluor:scin 
were injected intravenously. During the 
operation biopsy samples were again t ikel 
from the small intestine at several |: vels 
Frozen tissue slices were prepared ant 
studied both with a fluorescence-n icro- 
scope and after haematoxylin-eosin + ail: 
ing. The findings were the same as a_ thi 


first operation. The fluorescein-la 
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Fig. 10. 


albumin was found in large quantities in 
the submucosal macrophages.! The part 
of the small intestine with the largest 
number of these pathological cells, ac- 
cording to both microscopical methods, 
was resected: 30 cm distally from the liga- 
ment of Treitz up to 230 em from the liga- 
ment of Treitz. 

The patient’s recovery from the opera- 
tion was quick and uneventful. During a 
period after both 
slight increase in total serum protein 
noted. As Figure 7 shows, this effect 

nly due to a rise in plasma globulins, 


short operations a 
was 
ism: 
espe'ally gamma globulin, and not of 


plasiia albumin. One month after both 


1 \e thank Dr. R. O. v. d. Heul and Dr. J. 


Oord of the Department of Pathology, Uni- 
versi' Hospital, Leyden, for their histological 
and stochemical examination and for sug- 
gesti and carrying out the method of fluorescin 
label + of human serum albumin. 


operations, the serum protein level was as 
low as before surgery. The resection has 
not cured our patient. In all probability, 
the remaining intestine is too severely 


diseased. 


Discussion 


Our first patient showed a close rela- 
tionship between hypoproteinaemia and 
steatorrhoea. Nevertheless, pancreatic func- 
tion, gluten-tolerance, and nitrogen re- 
sorption were normal, so that steatorrhoea 
was not the cause of the hypoproteinaemia. 
This suggests an intestinal lesion causing 
both symptoms. The second patient had 
hypoproteinaemia, normal nitrogen re- 
sorption, roentgenological duodenitis and 
jejunitis, and a pathological PVP-test. 
The third patient showed all the clinical 
symptoms of essential hypoproteinaemia 


259 
eff. 
| 


260 


with steatorrhoea, a pathological PVP- 
test and distinct macroscopical and micro- 
scopical lesions of the small intestine at 
laparotomy. 

Taken together, the findings in these 
three patients are a strong argument for 
the theory that many patients with an un- 
explained hypoproteinaemia are in fact 
suffering from an exudative enteropathy 
(Gordon). In some eases, this diagnosis 
may lead to surgical intervention and 
cure (21, 39). 

It is possible that in many normal 
individuals a small amount of serum pro- 
tein leaks into the intestinal lumen; in 
patients with essential hypoproteinaemia 
this leakage exceeds the normal limits (21). 
The most important factor in the hypo- 
proteinaemia in these cases is the hypo- 
albuminaemia, probably because of the 
small molecular size of plasma albumin as 
with 
hypocaleaemia can be explained by the 


compared plasma globulins. The 
decrease of the protein-bound fraction of 
serum calcium (23, 29, 41). 

The exact nature and mechanism of 
protein loss into the diseased intestine is 
not yet known. Pathological and _histo- 
chemical studies of the biopsies after in- 
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jection of fluorescein-labeled albumin : iay 
teach us more. 


Summary 


Three patients with essential hypo) ro- 
teinaemia are described. In all of them, 
signs and symptoms suggested an intcsti- 
nal lesion. In two of them a PVP test 
wes performed and gave a pathological re- 
sult. Our cases and those of others strongly 
support the hypothesis that many cas¢s of 
unexplained hypoproteinaemia are caused 
by intestinal disease. The poor general 
condition of one of the patients led us to 
perform a laporotomy. Biopsies showed 
distinct lesions of the small intestine. A 
large part of the diseased small intestine 
was resected without benefit. 

In some chronic cases surgical interven- 
tion may be tried. The PVP test, as first 
described by Gordon, is of great diagnostic 
aid in such cases. 


Acknowledgement 


We wish to thank Dr R. 8S. Gordon, Jr. for 
his generous provision or [!3!—PVP. 


References 


1. ALBRIGHT, F., BARTTER, F. C. and ForBEs, 
A. P.: The fate of human serum albumin 
administered intravenously to a patient 
with idiopathic hypoalbuminemia and 


hypoglobulinemia. Trans Ass Amer 
Phycns, 62: 204, 1942. 
2. Benpicu, A. and Kasat, E. A.: Immuno- 


chemical estimation of the rate of disap- 
pearance of transfused gammaglobulin 
from the blood in two cases of hypo- 
proteinemia. J Lab Clin Med, 34: 1066, 
1949. 

3. Brncer, M. W. and Kerrtu, N. M.: General 
edema of indeterminate etiology. JAMA, 
109: 1, 1937. 


4. Bounp, J. P. and Hackett, W. R.: Id opa- 
thic hypoproteinaemic oedema and a1 
aciduria in an infant. Arch Dis 
28: 104, 1953. 

5. CaTTELL, W. R. and Norris, T.: Idiop 
hypercatabolic hypoproteinaemia. 
Roy Soc Med, 50: 514, 1957. 

6. Crrrin, Y., Stertine, K. and Haste! . A. 
The mechanism of hypoproteinemi 
sociated with giant hypertrophy o 
gastric mucosa. New Engl J Med, 297: 
906, 1957. 

7. CorBEEL, L., MALBRAIN, H. and Viss¢ 
DE M.: L’hypoproteinémie essentielle 
Venfant. Acta Paediat Belg, 8: 337. 


thie 
Proe 


{ER. 
shez 
954. 


16. 


20, 


8. 

9. 

10. 

it. 

13; 

14. 

18; 
19. ¢ 
22. 
23. 
24, J 
25. I 
26. 3 


lay 


yOTO- 
hem, 
esti- 

test 
re- 
ngly 
os of 
used 
is to 
ec. A 


stine 
‘ven- 


first 


ostic 


for 


20. 


24, 


25 


26. J 


. EHRENGUT, W.: 


. WALTER FALK, W. and Laron, Z.: 


3. FowLER, J. 


. I: srsen, T. O.: 


EXUDATIVE ENTEROPATHY ; 261 


Csepal, K.: Uber isolierte Stérung des 
Salzstoffwechsels bei einem Fall von 
polyglandularer Sklerose. Klin Wschr, 2: 
1988, 1923. 

DEBRE, R., Royer, P., LEStTRADET, H. and 
REISER, D.: L’hypoproteinémie idiopa- 
thique de l’enfant. Sem Hép Paris, 29: 
1899, 1953. 

DEGNAN, T. J.: Idiopathic hypoprotein- 
emia. J Pediatrics, 51: 448, 1957. 

DELAITRE, Fonty: Uncasd’hypoproteinémie 
dapparence essentielle avec hypogam- 
maglobulinémie chez un enfant de deux 
ans. Arch Frang Pédiat, 11: 641, 1954. 


. Dvorak, J., Kusovy, A., ZAzvorKA, Z. and 


Hons, J.: Ein Fall von idiopathischer 
Hypoalbuminaémie mit Aminoacidurie 
beim Séugling. Helv Paediat Acta, 9: 
258, 1950. 

Die angeborene idiopa- 
thische Odemkrankheit mit Hypopro- 
teinamie. Z Kinderheilk, 74: 141, 1954. 
Idio- 
pathic hypoproteinemia. Ann Paediat 
(Basel), 184: 89, 1955. 


. Fanconi, G.: Uber Stérungen der Wasser, 


Kochsalz und PlasmaeiweiShaushalten. 
Schweiz Med Wschr, 76: 791, 1946. 

F. and Mites, J. M.: Rapid 
protein breakdown in idiopathic hypo- 
proteinaemia. Strahlentherapie, Sonder- 
band 38, p. 298, 1958. 


. FREEMAN, T. and Martews, C. M. E.: 
Analysis of the behaviour of ['*!- 
albumin in the normal subject and 


nephrotic patient. Strahlentherapie, Son- 
derband 38, p. 283, 1958. 


. GorDON, R. 8. JR: The preparation of radio- 


active polyvinyl-pyrrolidone for medical 
use. J Polym Sci, 31: 191, 1958. 


. GorDON, R. S. JR: Exudative enteropathy. 


The Lancet, I: 325, 1959. 

A.: Hypoproteinaemia. 
Acta Path Microbiol Scand, Suppl. 38: 
p. 272, 1938. 

TOLMAN, H. ¢e.s.: Hypoproteinemia antedat- 
ing intestinal lesions and possibly due to 
excessive serum-protein loss into the in- 
testine. Amer J Med, 27: 963, 1959. 


22. Houten, C.: Et tilfaelde af hypoproteinaemi. 


Nord Med, 12: 3059, 1941. 


23. Hopkins, T. R., Connor, T. B. and Howarp, 


J. E.: Ultrafiltration studies on calcium 
and phosphorus. Bull Johns Hopkins 
Hosp, 93: 249, 1903. 

R. 8. and Fincu, E.: Chronic 
generalized oedema and_ hypoprotein- 
aemia of obscure origin. Arch Dis Child, 
29: 513, 1954. 

Idiopathic hypoprotein- 

aemia. Acta Pzxdiat, 47: 720, 1958. 

NSSEN, E.: Essentiéle hypoproteinemie. 

Thesis, Utrecht. 1957. 


27. 


. KINSELL, 


Jonsson, B. J. and LaGEercrantz, V.: 
Severe hypoproteinemia probably caused 
by hepatic damage. Acta Pediat, 39: 
165, 1950. 
L. W. and Margen, 
Studies in methionine metabolism III. 
The fate of intravenously administered 
$%>-labelled methionine in normal adult 
males, in patients with chronic hepatic 
disease, idiopathic hypoproteinaemia and 
Cushing syndrome. J Clin Invest, 29: 
238, 1950. 


29. McLean, F. C. and Hastings, A. B.: Clinical 


34. 


39. 


40. 


41. 


. Meyer—BiscuH, R.: 


. NONNENBRUCH, W. 


. PAPPENHEIMER, A. 


. SCHGNENBERG, H.: 


estimation and significance of calcium- 
ion concentrations in the blood. Amer J 
Med Sci, 189: 601, 1935. 


. MircHe.t, H. H.: Adult growth in man and 


its nutrient requirements. Arch Biochem, 
21: 335, 1949. 

Uber isolierte Stérun- 
gen des intermediaren Salzstoffwechsels 
und ihre klinische Bedeutung. Klin Wschr, 
4; 588, 1925. 


2. Mussto—FourRnIErR, J. C., CASTIGLIONI, C. 


and Anipo, J. B.: Oedémes mous, 

hypoproteinémie, et anachlorhydrie chez 

une malade atteinte de goitre exophthal- 

mique. Rev Neurol (Paris), 41: 756, 1934. 

and Kupuicu, H.: 
Chronischer Odemzustand von nephro- 
tischem Typus mit Achropaxie bei 
chronischer Gastro-enteritis. Med Klin, 
541, 1931. 

O’ Donovan, D. K., McGratn, J. and Gat- 
vIn, C.: Hepatic disease with chronic 
oedema as sole clinical feature. Irish 
J Med Sci, 6: 519, 1950. 

M. and Victor, J.: 

Ceroid pigment in human tissues. Amer 

J Path, 22: 395, 1946. 


3. Pearson, J. D., VEALL, N. and VETTER, H.: 


A practical method for plasma albumin 
turnover studies. Strahlentherapie, Son- 
derband 38, p. 290, 1958. 


7. SALOMONSEN, L.: Oedema causae ignotae. 


Nord Med, 25: 727, 1945. 

issentielle Hypopro- 
teinaemie mit Tetanie. Ann Paediat 
(Basel), 182: 355, 1954. 

ScHwartz, M. and Jarnum, S.: Gastro- 
intestinal protein loss in _ idiopathic 
(hypercatabolic) hypoproteinaemia. The 
Lancet, I: 327, 1959. 

Scuartz, M. and TuomseEn, B.: Idiopathic 
or hypercatabolic hypoproteinaemia. Brit 
Med J, I: 14, 1957. 

TEREPKA, A. R.: The ultrafiltrable calcium 
of human serum II. Variations in disease 
states and under experimental conditions. 
J Clin Invest, 37: 87, 1958. 


2. THorN,G.W.and RENO LD, A. E.: Pathophys- 


iology of edema. Helv Med Acta, 23: 
334, 1956. 


8. 
= 
9, 28 
10. 
14 
l¢ 33 
|__| 
3.) 
| 
\\ 
21. 
38 
ypa- 
hild, 
thie 
Proc |_| 
A.: 
as- |_| 
the 
257 
shez 
954. 


262 


43. Unstrom, R. A., Smitu, N. J. and 
Lich, E. M.: Transient dysproteinemia 
in infants I. Amer J Dis Child, 92: 219, 
1956. 

44. Utstrom, R. A., NAkAmuRA, K. and HEIM- 
Lich, E. M.: Transient dysproteinemia 
in infants. II. Studies of protein metab- 
olism using amino-acid isotopes. Amer 
J Dis Child, 93: 536, 1957. 

45. Vink, C. L. J., Doorn, L. J. and van 
GELDEREN, H. H.: to be published. 


Submitted Aug. 1, 1960 
Accepted Sept. 13, 1960 


L. J. DOOREN ET AL. 


46. Vesin, P., RENAULT, H. and CaTran R:: 
L’hypoproteinémie idiopathique. | tude 
de son mécanisme par le test au oly. 
vinyl-pyrrolidone—I!*!, Bull Soc 
Hop Paris, 75: 319, 1959. 

47. Youn, W. F. and Levin, B.: Gastroin esti. 
nal protein loss in severe mal-absor tion 
complicated by idiopathic (hyper ata- 
bolic) hypoproteinaemia. The Lance‘, I] 
85, 1959. 


Department of Paediatrics 
University Hospital 
Leyden 

The Netherlands 


Fro 


The 


an il 
the | 
acqu 
the | 
to pl 
mato 
In t 
cardi 
surgi 
the fi 
that 
be e 
mona 
sease 
) life. 
opera 
lishec 

In 
pulm: 
stand 
prere 
the r 
cerni 
arter 
of li 
cireu 

Re 


| 


R.: 
‘tude 


Med 


esti- 


tion 


ata- 


“tries 


Acta Pediatrica 50: 263—276. May 1961 


Frov: 


the Pediatric Clinic, Karolinska sjukhuset, Stockholm, Sweden (Head: J. Lind) and 


the University Institute of Pathological Anatomy, Copenhagen, Denmark 
(Head: J. Engelbreth-Holm) 


The Morphological Development of Pulmonary Arteries During the 


First Years of Life 


by H. HERZENBERG and V. ESKELUND 


Over the last few years, there has been 
an increasing interest in the pathology of 
the pulmonary vessels in congenital and 
acquired heart disease. The changes in 
the pulmonary vessels have been shown 
to play an important part in the sympto- 
matology and prognosis of these diseases. 
In the last decade, great advances in 
cardiac diagnosis and surgery have made 
surgical intervention possible, even during 
the first years of life. It is very important 
that clinical data and laboratory findings 
be correlated with changes in the pul- 
monary arteries in congenital heart di- 
sease, especially during this period of 
life. 
operation can be more definitely estab- 
lished. 

In order to evaluate changes in the 


In this way, the indications for 


pulmonary vessels accurately, an under- 
stand'ng of the normal conditions is a 
prere 
the r 
cerni 


uisite. The following is a report on 
sults of a morphological study con- 
zg the development of pulmonary 
arter 
of li! 


cireu 


s in children during the first years 
who did not have respiratory or 
tory diseases. 


R 


arter 


orts on the development of pulmonary 
during the first years of life can be 


found in the literature, but these are 
relatively few and the methods vary. For 
this reason, a direct comparison is difficult. 
Brenner’s nomenclature, from his classic 
work on the pathology of the vessels of the 
pulmonary circulation (2) has, as a rule, 
been the basis for these reports. He divides 
the intrapulmonary branches of pulmonary 
arteries into three types: elastic arteries, 
muscular arteries and arterioles. According 
to Brenner’s definition, the elastic arteries 
are the largest, with a diameter of 1 mm or 
more, and they are accompanied by carti- 
lagenous bronchi. They have a thin intima 
which lies directly on a thick, elastic lamina 
interna. The media is composed of concentric 
elastic membranes between which are found 
bands of smooth muscle. The adventitia 
is made up of rather coarse fibrillar collagen 
interwoven with fine elastic fibrils. There 
is no sharp delineation between the elastic 
arteries and the muscular arteries which 
have an outer diameter varying between 0.1 
mm to about 1 mm. These accompany the 
bronchioli. The thin intima rests on an 
internal elastic lamina, and the media is 
composed of circularly arranged smooth 
muscle between the internal and external 
lamina. In all of the larger muscular arteries 
fine elastic fibrils are present in the media. 
The adventitia resembles that of the elastic 
arteries. 

The muscular arteries merge into the 
arterioli, which are defined as vessels with 
a diameter of 100 yw or less. According to 
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Brenner, the vessel wall is composed of an 
endothelial tube surrounded by a single 
elastic membrane which is sometimes inter- 
spersed with individual cells of smooth 
muscle. No elastic externa has been demon- 
strated by Brenner. It should be pointed out 
that classification is 
with the conditions found in adults. 

Civin & Edwards (3) have shown that the 
intrapulmonary arteries and arterioles un- 


Brenner’s concerned 


dergo a gradual development from fetal life 
until At birth, the smaller 
pulmonary arteries resemble corresponding 
vessels of the The 
lumen is narrow and the walls thick. These 


adulthood. 


systemic circulation. 
undergo fundamental changes during the 
first six months of life. The lumen becomes 
wider and the vessel wall thinner. Civin & 
Edwards’ work has been verified by Dam- 
mann & Ferenez (4, 5), Rosen, Bowden & 
Uchida (11), as well as Valuenzuela, Toriello 
& Thomas (13). In a special study concerning 
the development of fetal pulmonary arterioli, 
O'Neal, Ahlvin, Bauer & Thomas (9) have 
shown that the amount of smooth muscula- 
ture in the vessel wall gradually increases 
life. 


elastic 


during the last part of intrauterine 
They that the 
lamina could be demonstrated as early as 
the latter part of fetal life, even though it 
was thinner than the external elastic lamina. 


reported internal 


These authors were thus able to show two 
elastic membranes in contrast with Brenner’s 
findings, although his material included only 
adults but no infants or children. 


Materials and Methods 


Lung preparations were obtained from 
autopsy material of 66 patients who died of 
diseases not primarily affecting the respira- 
tory or circulatory organs. A paraffin block 
of formalin fixed lung was sectioned (most 
often several from each patient and from 
many lobes) and the sections were stained 


according to a modification of Gomori’s 
elastin staining, developed by V. Eskelund. 
According to this method the elastin was 
stained with formalin-fuchsin, after which 
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the counterstaining (Van Gieson) was §ione, 
In this way, the elastic tissue was st.:ined 
dark blue-violet, and was very distinc . 
The vessels are classified accordi: 2 to 
Brenner’s schema, but with one modific: tion, 
The term ‘‘elastomuscular arteries” 
when the vessel resembled an interme liate 
stage between elastic and muscular art ries, 
These vessels have 2-3 concentric 
bands in an otherwise muscular 
In addition, the internal 
laminae are relatively thick (Fig. 4). The 
muscular arteries according to Brenner ar 
divided into larger muscular arteries (thus 


is used 


elastic 
media, 


external 


vessels lying near the peripheral branches 
of the bronchial tree, where respiratory 
columnar epithelium could be still distin. 
guished) and into smaller muscular arteries. 
The latter are precapillary muscular arteries. } 
which either directly or with arterioli as 
intermediaries, branch into capillaries. This 
grouping is made because of the impressio 
that larger and smaller muscular arteries 
are not always affected by a pathologica 
process to the same extent. Histologically. 
the precapillary muscular arteries can bi 
seen to branch from a larger musculai 
artery, lying near a respiratory bronchiolu: 
(thus one with respiratory columnar epi: 
thelium). Other precapillary muscular ar 
teries may lie surrounded by alveoli, and at 
from the bronchioli. The pre. 
capillary resemble the musculai 
arteries, have a 
muscle layer and an internal and external 
elastica (Fig. 12). Only under pathological 
an elastic tissue found in thi 


a distance 
arteries 
def inabl 


and_ therefore 


conditions is 
muscle layer of the media. During tho first 
months of life, the diameter of the ‘ume! 
for these vessels can be as little as 10 4. 
Arterioli of the type described by Bvenne! 
have not been subjected to determina: 
this material. Various authors defin« 


jon I! 
thes: 
it t 
enul 


vessels differently, as it is very diffi: 
distinguish between arterioli 

The following measurements were 
diameter of the lumen, wall thickness 
sisting of intima and media including 
nal and internal elastic lamina), anc 
of adventitia. 


and 
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ators 
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first 
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10 
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thes: 
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(con- 


»xter- 


width 


\teasurements were taken using a scaled 
ocular which was adjusted to the user and 
microscope. As far as possible, vessels with 
circ\lar lumen were measured (thus vessels 
which had been cross sectioned). In those 
the 
diameter of oval-shaped lumens 


where such were not present, 


cases 
smallest 
was calculated. In obliquely sectioned ves- 
the width of the wall was 
to avoid what might 


thinnest 


sels, 
measured in order 
simulate a medial hypertrophy. With regard 
adventitia, which even in 


sectioned vessels varies in width, an average 


to the cross- 
value was obtained from measurements of 
the widest and thinnest parts. The values 
for the adventitia are therefore approximate. 
At least 10 vessels of larger as well as 
precapillary muscular artery type 
measured. It was not always possible, how- 
ever, to find so many elastic and elasto- 


were 


muscular arteries in the preparations. On the 
basis of these measurements, average values 
obtained and the 
recorded. The following ratio was calcu- 


were variations were 
lated: Average lumen/average wall thickness 
(L/.M) 

The different ratios at individual ages 
were graphically compared. Certain cases of 
chronic diseases and retarded development, 
where the primary disease did not have its 
origin from changes in the respiratory and 
circulatory organs, showed pronounced diver- 
gence in the figures, and were therefore not 
included in the study. It ought to be pointed 
out that this material, which was fixed in 
formalin, only partially reflects the condi- 
tions 7m vivo, where the vessel calibre 
greatly varies according to different phy- 
siological conditions. 


Results 


E:ch of the four different vessel types 
has -een described according to morpho- 
login] age development. 

E ‘stie arteries. The size of the lumen 
at | th and some days afterwards is on 
the iverage about 300-400 jw, which 
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Fig. 1. Elastic pulmonary artery of an infant 2 
days old. The internal elastic lamina is thick and 
prominent and there are numerous elastic fibrils 
in the media. Part of bronchial cartilage in lower 
left field. Ratio lumen: wall thickness low (6.0). 
(This as well as following preparations stained 


counterstained with 
< 105.) 


with formalin-fuecsin and 
Van Gieson’s connective tissue stain; 


corresponds to about one third that found 
in adults. The internal elastic lamina is 
thick and wavy, and the same is true of 
the elastic fibrils which are found in the 
media (Fig. 1). These contain quite a few 
smooth muscle cells. Only in certain 
exceptional cases can collagen fibrils be 
seen in the outer edge of the media. The 
external elastic lamina is not quite as 
thick as the internal, and is sometimes 
divided. The adventitia is made up of 
tightly arranged, rather coarse collagen 
fibrils. Between these are found fine 
elastic fibrils extending as far as the outer 
edge, but seen mostly near the external 
elastic lamina. The adventitial layer is, as 
a rule, considerably wider than the media. 
The ratio between the lumen and wall 
thickness (L/M) is 5-7 (Fig. 2). 

By 2-3 weeks of age, the size of the 
lumen has increased while the wall thick- 
ness is to a large extent unchanged. The 
ratio L/M is therefore larger than earlier 
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Ratio 
25. 
ELASTIC ARTERIES 
20 Ratio kumen 


Wall thickness 


i 2 4 6 6 2 40 © 8 100 200 600 1000 3000 days 


Fig. 2. Elastic arteries. Ratio lumen: wall thickness. 


(7-14). The adventitial layer continues to double that at birth. The adventitia does 


be thicker than the media. not decrease in width as does the media, 
At 1-2 months of age, it is noted that a so that the ratio M/A decreases. 
marked increase in the size of the lumen In the subsequent development, the 


has occurred at the same time as the width ratios appear, for the most part, unchanged 
of the wall has decreased. This results in (Fig. 2). The already fairly sparse smooth 
a ratio between lumen and wall more than muscle cells of the media diminish 


Fig. 3. Fig. 4. 


Fig. 3. Elastic pulmonary artery of a child 44 years old. Lumen has increased and wall t. ick- 
ness decreased. Ratio lumen: wall thickness high (15). = 56. 

Fig. 4. Elasto-muscular pulmonary artery of an infant 2 days old. Media is dominated by sm oth 

musculature but in the middle third there are 2-3 concentric elastic bands. Lumen small, vall 

thick. Ratio lumen: wall thickness low (7). =< 206. 
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ELASTO-MUSCULAR ARTERIES 
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Wall thickness 
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Fig. 5. Elasto-muscular arteries. Ratio lumen: wall thickness 


successively. The adventitia decreases 
likewise in width, but continues to be 
thicker than the media (Fig. 3). 

Elastomuscular arteries. As previously 
described, these arteries are an_ inter- 
mediate form between elastic and muscu- 
lar arteries. 

From birth until about two weeks of 
age, the average size of the lumen varies 
between 100 and 200. The internal elastic 
lamina is thick and wavy, while the ex- 
ternal elastic lamina is thinner and in 
som places split (Fig. 4). The media is 
don inated by smooth musculature, but 


two to three rather coarse continuous 


elas ic bands are found predominantly 
int e middle third in addition to shorter, 
thi: .er, more wavy elastic fibrils. The 
ave ‘ge width of the wall varies between 


20- uw. The adventitia is composed of 
cov e collagen fibrils, usually in rather 
Between these are 


tig arrangement. 


fo. | short and thin elastic fibrils, especi- 


ally in the inner third, but sometimes 
extending to the outer edge. The average 
width of the adventitia varies between 
45 and 75 w, and is thus thicker than the 
media. Because of the comparatively nar- 
row lumen and the thick wall, the ratio 
L/M is for the most part low, about 4-8 
(although in a few cases up to 11) (Fig. 5). 
Already from the age of one month, and 
definitely by 2-3 months, the average 
size of the lumen has increased (Fig. 6). 
The media’s muscle layer dominates but 
seems to decrease to the 
advantage of the elastic fibrils. These, as 
previously mentioned, are coarse and 
parallel, especially in the middle. The 
decrease in the wall thickness, together 
with the enlarged lumen, brings about an 
L/M ratio (8-22) of more than double 
the value at birth. The adventitia remains 
considerably thicker than the media. 
During the following months, essentially 
no changes occur. The adventitia pre- 


somewhat, 
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Fig. 6. Elasto-muscular pulmonary artery of an infant 3} months old. A muscular artery is seen 
branching off to the right. Ratio lumen:wall thickness high (17). 


Fig. 7. 


serves its greater width compared with 
the media; the lumen is large and the wall 
thin. 

Larger muscular arteries. These arteries 
lie near those finer branches of the bron- 
chial tree, which still have columnar 
epithelium. Their media consists of circu- 
larly arranged smooth musculature. The 
transition from elastomuscular arteries is 
gradual. 

At birth and for some days thereafter, 
the average size of the lumen is 35-80 yw. 
The intima’s endothelium is evident and, 
especially in the smaller vessels, the cells 
often extend out into the lumen. Not 
infrequently the endothelial 
loosened. The internal elastic lamina is 
present in all vessels and, in the larger 
vessels, is thick and wavy (Fig. 7). The 
musculature of the media consists of 2-4 
cell layers. In the larger vessels thin and 
short elastic fibrils are found, especially 
in the middle and out to the adventitia. 
Collagen fibrils in the media are absent. The 
external élastic lamina is distinct, but in 
the larger vessels is not as thick as the 


cells are 
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Larger muscular pulmonary artery of an infant 1 day old. The lumen is narrow and the 
wall thick. Ratio lumen: wall thickness low (3.5). < 263. 


Fig. 7. 


x 56. 


internal elastic lamina, and in some 
places is slightly interrupted. The ad- 
ventitia, which is thicker than the media, 
consists of coarse collagenous fibrils, often 
rather tightly arranged. In towards the 
external elastic lamina, a few fine elastic 
fibrils are seen. Because the wall is thick 
(average width 9-19 jm) and the lumen 
narrow, the ratio L/M is low, 3-4 (Fig. 8). 

At 2-3 age, the 
average size (30-80 x) is for the most part 
unchanged. In vessels of smaller size the 
endothelial cells project out into the lumen. 
The internal and external elastic laminae 


weeks of lumen’s 


are seen in all vessels, but the latter con- 
tinues to be somewhat thinner than the 
former, and both are sometimes wavy. In 
the media’s musculature, especially of 
larger but also of middle-sized ves: els, 
thin elastic fibrils are seen. The adven‘ itia 
is now somewhat more loosely built t 1an 
at an earlier age. In the central third are 
found thin elastic fibrils. The ratio betv een 
the lumen’s size and the width of the vall 
(L/M) is about 2-6. 

By 2-3 months of age, the lum-n‘ 
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60 80 100 200 600 1000 3000 days 


Fig. 8. Larger muscular arteries. Ratio lumen: wall thickness. 


average size has generally increased con- 
siderably and is now about 60-120 wu 
(Figs. 9and 10). The media’s musculature 
has become thinner and consists of 1-3 
cell layers with a few thin elastic fibrils. 
The internal elastic lamina is fairly smooth 
and is as thick as the external elastic 
lamina. The adventitia is, as _ before, 
thicker than the media. The ratio between 


the lumen’s size and the wall thickness 
has, because of an increased lumen and a 
thinner media, increased to about 9-16, 
thus 3-4 times more than earlier. 
Subsequently, there are essentially no 
changes, except that the lumen increases 
somewhat and the wall thickness decreases 
(Fig. 11). The adventitia remains constant 
in relation to the media, and is almost 


Fig ). Larger muscular pulmonary artery of an infant 1 month old. Ratio lumen: wall thickness 
intermediate (10). » 224. 
Fig 0. Larger muscular pulmonary artery of an infant 3} months old. Ratio lumen: wall thickness 


(14). 
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Fig. 11. Larger muscular pulmonary artery of a 

child 5 years old. Lumen wide, wall thin. Ratio 

lumen: wall thickness consequently high (15). 
224 


twice as thick. The ratio between the 
size of the lumen and the wall thickness 
is, as a rule, between 12-27. 
Precapillary muscular arteries. These 
vessels constitute, as mentioned previ- 
ously, the finest muscular vessels before 
the transition to arterioli and capillaries. 
At birth, and for some days afterwards, 
the lumen’s average size is 9-13 yw (Figs. 
12 and 13). The endothelial cells of the in- 
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tima project into the lumen, and the ¢ ‘Ils 
are almost cuboidal. The internal ela. tic 
lamina is seen in most of the vessels, ‘ut 
as a rule is thin and interrupted. "/he 
media’s musculature is composed of 1- 
2 cell layers. No elastic or collagenous 
fibrils are seen in the musculature. he 
external elastic lamina is distinct in all 
vessels, and is somewhat thicker than the 
internal elastic lamina. The adventitia is 
composed of a relatively thick layer of 
collagen fibrils. No elastic fibrils are pre- 
sent in the adventitia. The wall thickness 
is, on the average, about 5-6 yw. The ratio 
between lumen and wall, L/M, therefore 
is thus very low, about 2 (Fig. 14). 

By 2-3 weeks of age, the lumen’s size 
increases to about 10-26 uw. In addition, 
the elastic tissue has evolved further in 
the internal elastic lamina, which is now 
seen in all vessels and is seldom inter- 
rupted (Fig. 15). The wall thickness is 
unchanged, but a few fine elastic fibrils 
have begun to appear. The external elastic 
lamina is present in all vessels, but conti- 
nues to be somewhat thicker than the 


Fig. 13. 


Fig. 12. Precapillary muscular pulmonary artery of a stillborn child. The endothelial cells of he 
intima project into the lumen. Both elastic laminas are seen. Distinct cell nuclei of smc >th 


muscle in the media. Narrow lumen, thick wall. Ratio lumen: wall thickness low (2). 


~150'. 


Fig. 13. Precapillary muscular pulmonary artery of an infant 2 days old. Ratio lumen: wall th «k- 


ness 2. 
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Ratio 
254 
PRECAPILLARY MUSCULAR ARTERIES 
Ratio Lumen e 
Wail thickness 
0 
UJ 2 4 6 6 10 20 40 60 60 100 200 600 1000 3000 days 


Fig. 14. Precapillary muscular arteries. Ratio lumen: wall thickness. 


internal elastic lamina. The adventitia’s 
width is slightly greater than the media’s, 
but is often rather loosely built. A few 
fine elastic fibrils begin to appear in the 
adventitia near the border of the media. 
As no changes occurred in the size of the 
lumen or the wall thickness, the ratio 
between these is the same. 

At 23-4 months of age, a big and pro- 


Fig. 15. 


nounced change occurs in the size of the 
lumen (Fig. 16). Its average is now be- 
tween 19-45 uw. The intima’s endothelial 
cells are thin and flat, in comparison with 
their more cuboidal appearance earlier. 
The internal elastic lamina is as a rule 
seen, but can be interrupted in a few 
vessels. The media is composed of only one 
layer of muscle cells which is occasionally 


Fig. 16. 


Fi 15. Precapillary muscular pulmonary artery of an infant 1 month old. Ratio lumen: wal 
thickness (2). 1103. 
F: 16. Precapillary muscular pulmonary artery of an infant 3} months old. Ratio lumen: wall 


thickness (8). x 1103. 
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Ratio lumen:wall thickness high (17). 


Precapillary muscular pulmonary artery of a child 14 months old. Lumen wide, wall thin. 


x 882. 


Fig. 18. Precapillary muscular pulmonary artery of a child 3 years old. Ratio lumen: wall thick- 
ness (13). 


interrupted, and has an average thicknesss 
if 2-4 w. The external elastic lamina is, 
as previously, distinct in all vessels. It 
should be pointed out that both the inter- 
nal and external elastic laminae can be 
distinguished, even if the musculature is 
interrupted. The adventitia is often com- 
posed of a fairly loosely built layer. The 
small width of the wall, together with the 
increasing size of the lumen gives an L/M 
ratio which is notably increased to about 
6-22. 

The changes during the subsequent 
growth are relatively few (Figs. 17 and 18). 
The lumen, as a rule, is about 40-50 sn, 
but variations in both directions can occur. 
The width of the wall is about 2-3 y, 
and the L/M ratio rarely is under 10. As 
a rule, the adventitia is greater in width 
than the media. 


Discussion 


At birth and for a few days thereafter, 
the pulmonary arterial bed (from the 
elastic arteries to the precapillary muscular 
arteries) has a characteristic appearance 


with luminae and thick vessel 


walls. The media as well as the adventitia 
are thick, and the similarity with the 


narrow 


systemic arteries is great. 

During the first months of life there is 
a development in that the lumen becomes 
greater and the vessel wall decreases in 
width. This change, reflected in the ratio 
between lumen and wall thickness, takes 
place slowly at first, is later accelerated, 
only to become slower again (Fig. 19). 

In the larger muscular arteries and the 
precapillary muscular arteries the size of 
the lumen increases and the wall thickness 
decreases rapidly, especially during the 
first 3-4 months of life (Tables 1 and 2). 
Later, these changes decelerate, and after 
8 months of age they have completely 
subsided. When comparing these pulm>- 
nary vessels and those of a 5 to 6-year-o d 
child, there is no great difference. 

Regarding the arteries, te 
changes in the size of the lumen and t'e 


elastic 


width of the walls occur earlier than n 
muscular arteries (Tables 1 and 2). The mot 
accelerated development seems to appe r 
as early as 1-2 months of age. 
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Average values for lumen, wall thickness and ratio in different ages. (Different 


pulmonary artery types.) 


Age Average values 
Class boun- Class mid- Wall Ratio 
deries point Lumen, thickness, lumen/> wall 
Artery type (days) (days) No. aU Lu thickness 
Precapillary muscular 0- 29 12 14 14.4 0.5 2.6 
arteries 30-119 57 li 22.6 5.6 4.5 
120-299 210 i 41.8 2.9 14.6 
300-749 494 13 45.5 3.6 15.3 
750- 1267 13 54.4 3.6 15:2 
Total 66 — — 
Larger muscular 0- 29 12 14 55.4 13.3 4.2 
arteries 30-119 57 ie 83.4 10.0 8.3 
120-299 210 13 136.1 7.5 16.9 
300-749 494 13 127.3 7.8 16.4 
750- 1267 13 151.0 9.0 16.7 
Total 66 - — — 
Elasto-muscular 0- 29 EZ 14 195.8 24.0 8.2 
arteries 30-119 57 13 275.9 25.5 11.8 
120-299 200 1] 331.5 21.9 15.1 
300-749 455 12 294.9 21.0 14.1 
750- 1267 lg 418.5 27.4 15.1 
Elastic arteries 0-17 7 8 459.6 56.0 8.2 
18— 44 27 8 600.6 52.3 11.5 
45-119 75 6 738.3 48.2 15.3 
120-359 200 6 533.5 36.6 14.6 
360- 1360 6 709.2 48.3 14.7 


The elastomuscular arteries belong to an 
intermediate group not only from the 
morphological, but also from the develop- 
mental point of view, for their greatest 
chanves occur during 2-3 months of age. 

Th anatomical changes are reflected in 


the ‘emodynamie behavior of the pul- 


mony circulation during intrauterine, 
peri: tal, neonatal and the early periods 
of lit 

In he fetus, the ductus arteriosus serves 
asa nnection between the right ventricle 
he descending aorta. The pressure 
in tl _ fetal pulmonary artery is some- 


what sreater than the aortic pressure, so 


that only a fraction of the blood which 
leaves the right ventricle goes to be 
pulmonary vascular bed (6). On the other 
hand, the greatest part of the blood is 
propelled through the ductus arteriosus 
into the descending aorta and further 
to the placenta. This shunt is governed 
by a high vascular resistance in the pul- 


monary circulation. This high resistance 
is brought about by the fact that the lungs 
are collapsed. The pulmonary arterial 
vessels during fetal life show narrow 
luminae and thick vessel walls, according 
to O’Neal et al. (9), as well as Larroche, 
Nodot & Minkowski (8) and thus resemble 
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TABLE 2. Smoothed values for ratio lumen: wall thickness at different ages. Chang in 
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ratio.* (Different pulmonary artery types.) 


Precapillary Larger mus- Elasto-mus- Elas: ic 
muscular arteries cular arteries cular arteries arter es 


Ratio Ratio 


Ratio Ratio 


Age  lumen/> wall lumen/= wall lumen/= wall lumen/> wail 
(days) thickness Change thickness Change thickness Change thickness 
] (2.1) (3.5) (5.2) (6.3) 
10 2.5 (+ 0.4) 4.1 (+ 0.6) 8.0 (+ 2.8) 8.7 
20 2.8 0.3 4.8 O57 8.9 0.9 10.3 
30 3.1 0.3 5.6 0.8 9.7 + 0.8 12:3 
45 2:8 0.7 7.0 + 1.4 10.8 oe aed 14.4 
60 4.7 0.9 8.7 Pay. 12.0 + 1.2 15.3 
90 8.8 + 4,] 12.6 t+ 3.9 13:3 15.4 
120 12.5 15.2 2.6 14.6 + 0.9 15.2 
150 13.7 ae 16.2 i 15.0 + 0.4 15.0 
180 14.3 + 0.6 16.7 0.5 15.1 +0.1 14.8 
210 14.6 0.3 16.9 0:2 15.1 +0 14.6 
240 14.7 0.1 16.8 —0.1 15.1 mh | 14.5 
270 14.8 0.1 16.8 +0 15.0 -0.1 14.4 
300 14.9 0.1 16.7 =O: 14.9 —-0.1 14.4 
330 15.0 + 0.1 16.7 +0 14.7 0.2 14.3 
360 15.0 +0 16.6 0.1 14.5 0.2 14.3 
450 15.1 +0.1 16.4 0.2 14,2 =0:3 14.3 
540 15.1 +0 16.4 i) 14,2 +0 14.3 
720 15.2 +0.1 16.4 0.2 14.5 + 0.3 14.4 
1.080 15.2 +0 16.6 + 0.2 14.9 + 0.4 14.5 
1.440 (15.2) (+0) (16.7) (+0.1) (15.2) (+ 0.3) (14.6) 
* Italic figures represent greatest ratio change in different age groups. 


the systemic arteries (which are adjusted 
for a circulation with high resistance). 
This characteristic morphology of the 
larger and precapillary muscular arteries 
seems to be important in the maintenance 
of a high intrapulmonary resistance to 
blood flow in the fetus (3, 9). Another 
contributing factor is the architecture of 
the vascular unit of the fetal alveolar 
duct. Reynolds has shown that in the 
fetus the terminal arterioles give rise to 
twisted, coiled capillaries which continue 
directly into connecting venules (10). 
At birth the lungs inflate and normally 
fill up momentarily with air. With expan- 
sion of the lungs the aforementioned 
coiled vessels become extended and there 


is an opening up of a new capillary hed 


This capillary plexus can accommodate 
blood and would account for the inercas¢ 


in the pulmonary arterial blood flow 


following the first breath. The decrease 


in the pulmonary 
after birth would be a result of the ex- 
tension of the coiled vessels (10). The 
pressure in the pulmonary artery dec! ne 
and becomes less than that in the acrta 
The flow of blood through the du ‘tu 


arteriosus reverses its direction and 


goes from the aorta to the pulmo aly 
artery, as shown by Adams & Lind (| 
That the ductus continues to remain 
and permits a left to right shunt to 
even some time after birth, has been s! 
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Lumen 


Ratio 


Wall thickness 


Ratio 
254 ELASTIC ARTERIES —— 
ELASTO-MUSCULAR ARTERIES ------- 
LARGER MUSCULAR ARTERIES —-—-— 
PRECAPILLARY MUSCULAR ARTERIES——-—— 
204 


by Rowe & James (12) with cardiac 


__ {catheterization of newborn mongoloids 


without congenital heart disease, and by 
Adams & Lind with catheterization of nor- 
mal newborn babies. These authors could, 
with these examinations, demonstrate a 
left to right shunt through the ductus 
up to two weeks of age, and an increased 
pressure in the pulmonary artery during 
the same age period. Rowe & James had 
S cases below 14 days of age with pul- 
monary artery pressures between 30/10 
and 80/50 mm Hg. Adams & Lind demon- 
‘trated 6 of 7 cases below 76 hours of age 
lav ng pulmonary arterial pressures be- 
tween 31/10 and 50/10 mm Hg. In addi- 
tion their results show that the pulmonary 
arte -y pressure as early as two weeks of 
age appears to be near the adult value, 
le. anging between 17/6-30/18 mm Hg, 
that is 20-25% of the systemic pressure. 
F om this study, we can demonstrate 


60 80 100 200 600 


1000 3000 days 


Fig. 19. Comparison of ratios lumen:wall thickness of various types of pulmonary arteries at 
different ages. The changes in size of vessel lumen and wall thickness occur earlier in elastic 
arteries than in muscular arteries. 


that the lumen widens and the thickness 
of the vessel wall decreases during the first 
months of life. These changes take place 
more slowly during the first weeks than 
they do later. This development seems to 
be purposeful, for it might contribute to 
prevent the occurrence of a large left to 
right shunt through the ductus. Such a 
large shunt could otherwise bring with it 
an increased load on the left side of the 
heart, and subsequently left ventricular 
failure. 

After the first weeks the widening of the 
lumen and the thinning out of the vessel 
walls of the pulmonary arterial system 
occurs more quickly. The wall of the 
media undergoes a muscular involution. 
After the fourth month of this 
development again occurs more slowly 
and after the eighth month of age it is 
for the most part finished. By then the 
of the 


age, 


vessels lungs resemble those 
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characteristic of the adult in whom the 
vascular bed is adjusted to a circulation 


with low resistance. 
Summary 


The normal pulmonary arterial vascular 
bed undergoes a morphological develop- 
ment during infancy. The intrapulmonary 
arteries at birth have narrow luminae 
and thick vessel walls, thus resembling 
the structure of systemic arteries. During 
the first months of life, there is a pro- 
gressive change, so that the lumen of the 
intrapulmonary arteries widens and the 
of the 


thickness vessel wall decreases. 
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After 3-4 months of age, this developm at 
takes place more slowly, and afte: 8 
months of life has almost subsided. In 
regard to the different types of intraj.ul- 
monary vessels, the elastic arteries (in‘ra- | 
pulmonary arteries of greater size) s: om 
to undergo an earlier development tiian 


the muscular arteries (smaller type of 
intrapulmonary arteries). Corresponding 
to the progressive vascular change during 
the first months of life, the hemodynamic 
behaviour of the pulmonary circulation 
changes from the high-resistance circula- 
tion of the fetus to the low-resistance 
circulation seen in the adult. 
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From the Pediatric Clinic (Head: Professor A. Lambrechts), University 
of Liege, Belgium 


Respiratory Studies in Children 


II. Functional Residual Capacity in Healthy Children 


by F. GEUBELLE and P. DE RUDDER 


ingstrom et al. (2) have constructed a 
diagram representing the value of the 
lung volumes (residual volume, Vz; func- 
tional residual capacity, Vppc; total lung 
capacity, Vpzpc),! based on the regression 
of these values on the height measured 
on 93 children in the 6-14 year age group. 
The 95 % 
the regression lines are also given. When 


confidence intervals around 


the lung volume of a single subject is 
being studied, it is possible to estimate 
the probability that the actual 
belongs to a “normal” population. 


case 


The influence of training has been 
studied by Engstrém et al. (2) on 89 double 
tests with an interval of 10-15 minutes. 
It has also seemed useful to determine 
the variability of the lung volumes during 
a longer interval, i.e. day to day, and to 
compare the variability with that found 
in adults. 

\ ‘th the method described by Engstr6m 
et «’. (2) three problems have been in- 


vesi vated: 

' erms as defined by a group of American 
clini il and research respiratory physiologists 
heac d by J. R. Pappenheimer (3). 


2 


* he fixed volume of the system is measured 
by ' e simple method described by Engstrém 
eta 2). Fifteen determinations of this volume 
give . mean value of 7100 ml (range, 7080 to 
715: nl). 


1. The accuracy of the method in our 
hands; 

2. The magnitude of the physiological 
of the 
capacity (Vppc) in healthy children; 


variations functional residual 


3. The comparison between the physio- 
logical variation of Vypc in children and 
adults. 


Apparatus 


Some differences are to be noted between 
our apparatus and that of Engstrém e¢ all.: 
(1) the spirometer capacity is 7000 ml; (2) 
the catharometer is manufactured by Kipp 
(Delft, the Netherlands) and the accuracy 
of the reading is 0.25% between 0 and 20%; 
(3) no membrane pump is used, but a dia- 
phragm on the main spirometer circuit (after 
the fan type pump and the CO, absorber) 
shunts a part of the expired air through the 
catharometer; (4) the fixed volume of the 
system, with the spirometer at its lowest 
position, is 7100 ml;? (5) the helium concen- 
tration in the spirometric system before the 
determination is from 15 to 17%. 

All values are expressed in ml, corrected to 
body temperature, ambient pressure, satu- 
rated with water vapour (BTPS). 


Material 


(1) The volume of the two boxes, whose 
water capacities at room temperature were 


— 
| 
| 
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1360 and 2540 ml, was each measured 10 
times. The box was connected to the spiro- 
graphic circuit in the same position as the 
subject. 

(2) To study the physiological variation of 
Vrrc in children in the sitting position 69 
duplicate determinations were performed on 
23 apparently healthy children ranging in 
age from 6 to 15 years old. 

(3) To study the physiological variation of 
the sitting Vppc in adults and to compare 
it with that in children, 30 determinations 
were performed on 10 apparently healthy 
young adults (students, nurses, etc.). 


Results 


1. Error of the Method 


Assuming the error in the water capacity 
volume recording to be negligible, the 
random error of the spirometric method, 
determined as the average of the random 
errors for the two boxes, was 22 ml, i.e. 
about 1%. The error was obtained as 
the standard deviation of the repeated 
values. Furthermore, a systematic error 
exists which seems to make estimates of 
large volumes about 1% too small. The 
mean estimated box values were signi- 


TABLE I. 
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ficantly different from the known volu .e, 
even though both errors were small. 


2. Duplicate Determinations 


The values of Vpre are collected in 
Tables 1-3. Duplicate determinations v ere 


made on three occasions for each patient 
with an interval of some hours to several 


days. Individual differences between dupli. | 


cate determinations at an interval of 15 
minutes were calculated as the first minus 
the second determination (Table 4). 

The errors of the method (equal to the 
standard deviation of the differences 
between duplicate determinations divided 
by the square root of two) are shown in| 
Tables 5 and 6. The total average is 46) 
ml or 2.7%. These errors are about twice 
those obtained with the boxes (22 ml or 
about 1%). 


3. Day to Day Variations 


(a) The mean values of Vpge (Table 7) 
for the first, the second and the third 


assay in each group do not differ signi-; 


ficantly, nor do the individual differences 


Values of Vppo (functional residual capacity) in 10 healthy adults. Time in- 


terval between (1) and (2) is 4 days, between (2) and (3) 6 days. 


(1) (2) (3) 
Height Verc in ml Verc in ml Verc in ml 
cm Ist 2nd Mean 2nd Mean Ist 2nd Mean 
158 2364 2272 2318 2354 2392 2373 2357 2395 376 
158 1968 1894 1931 1728 1701 1714 1891 1909 900 
159 1692 1627 1659 1471 1624 1547 1983 1957 970 
160 1773 1751 1762 1363 1518 1444 1719 1686 702 
162 1882 1798 1840 2092 2020 2056 2138 2180 159 
165 2131 2110 2120 1795 1744 1769 1713 1716 714 
176 3719 3529 3624 3439 3524 3483 3059 3080 069 
178 3288 3023 3150 3095 2855 2925 2788 2770 779 
182 2834 2840 2837 3235 3090 3173 2860 2802 831 
183 2891 2876 2884 3208 3106 3157 3129 3091 110 
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lu ie,} Taste 2. Values of Vppc (functional residual capacity) in eleven healthy girls. T is the 
. time interval between assays, noted in hours (H) or days (D). 

(1) (2) (3) 

Heizht in ml in ml Verc in ml Age, 
ed in em Ist 2nd Mean gly Ist 2nd Mean hy Ist 2nd Mean years 
were 

104 625 670 650 4H 636 625 630 4D 704 645 675 6.5 
atient 129 698 730 714 4H 769 tie 770 5D 686 787 736 ll 
>veral 145 1607 1612 1609 4H 1445 1447 1446 4D 1610 1700 1665 12 
* 147 1241 1258 1249 4H 1109 1138 1123 4D 1310 1330 1320 12 
Lupli- 150 «1123 1106 1115 4H 1014 1049 1031 4D 1240 1265 1252 11 
of 15 153 2110 2077 2093 4D 2098 2098 2098 4H 2490 2345 2417 15 
, 155 1168 1145 1156 4H 1336 1304 1320 4D 1292 1283 1287 12 
minus 155 1806 1770 1788 4D 1933 1770 1881 4H 1640 1655 1642 13 
} 158 1364 1414 1389 4D 1257 1242 1249 4H 1347 1307 1327 14 
7 160 2321 2325 2323 4H 2190 2154 2167 4D 2180 2180 2180 14 
0 the 164 1760 1730 1747 4D 1909 1892 1900 4H 2100 1930 2015 15 
vided | 
wn in| TABLE 3. Values of Vppc (functional residual capacity) in twelve healthy boys. Time 
is 46) interval between (1) and (2) 4 days, between (2) and (3) 6 days. 
twice! 
(1) (2) (3) 
ml or Height, Verc in ml Verc in ml Verc in ml Age, 
x Ist 2nd Mean Ist 2nd Mean Ist 2nd Mean years 
125 872 851 861 878 849 863 878 870 874 7 
131 1178 1097 1137 1017 1087 1052 1040 992 1016 10 
e7 136 1094 1005 1049 1000 1080 1040 1062. 1014 1038 EE 
7) 
hi 1 137 1156 1171 1163 1250 1268 1258 1037 1136 1086 9 
third) 140 930 931 930 884 884 884 942 910 926 10 
signi- 140 1214 1233 E22. 1134 1118 1126 1215 1205 1210 8 
ei { 142 1252 1245 1248 1265 1254 1259 1274 1229 1251 13 
ENCES 143 1164 1190 1177 1151 1159 1155 1108 1128 1118 11 
144 1574 1539 1556 1460 1505 1482 1558 1516 1537 14 
150 1527 L542 1549 1670 1630 1650 1522 1568 1545 14 
ne iN 159 2420 2200 2310 2448 2417 2432 2380 2381 2380 14 
Tl 2496 2445 2470 2439 2421 2430 2467 2521 2494 14 
Tanie 4. Individual differences between duplicate determinations of functional residual 
capacity at three different periods. 
lean 
M.D. = mean difference, E. = error and 8.D.= standard deviation of differences. 
pt (1) (2) (3) 
970 in ml in ml Verc in ml 
702 M.D. E. S.D. M.D. E. 8.D. MD. E. S.D. 
714 
Adv s (10 cases) +82.2% +26.9 85.1 23:3 181-5 34.3 
Box (12 cases) +33:2 152 6.3 +11.5 39.7 9.4 35.6 
931 Gir! ‘11 cases) + 95 31:6 +24.1 +20.9 69.6 15:6 2% 84.9 
1100p 
“ -ossibly significant. All other values for M.D. are.not.significant. 
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TABLE 5. Errors of the method in the deter- 
mination of Vppco in normal adults (10 
cases) boys (12 cases) and girls (11 cases), 


calculated from duplicate determinations. 


Verc (1) Vere (2) Vere (3) Average 
ml ml ml ml 


Adults 60 93 24 59 
Boys 51 28 25 35 
Girls Ze 49 60 44 

Average 45 57 36 46 


TABLE 6. Errors of the method in the deter- 
mination of Vppco in normal adults, boys 
and girls. Same values as in Table 5 but 
expressed in percentages of corresponding 


mean 


Verc (1) Vero (2) Vege (3) Average 


> /0 


Adults 2.5 3.9 1.0 2.5 
Boys 3.7 2.0 1.8 2.5 
Girls 1.5 3.5 4.( 3.0 
Average 2.6 3.1 2.3 2.7 
when testing the first assay minus the 


second, the second minus the third and 
the first minus the third, using only the 
first determination in the duplicate. The 
interval times between the assays varied 
from four hours to ten days. 

(b) Since the mean differences tested 


between assays are not significant, the 
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physiological variation (i.e., error in ne 
value if physiological variation is recko 1ed 
with) may be calculated from the stanc ard 
individual differei.ces 


deviation of the 
(standard deviation divided by the square| 
root of two). Taking only the assays per.) 
formed at an interval of four days (the 
largest group according to time interval), 
the physiological variation during this) 
period is 180 ml for adults, 52 ml for hoys 
and 84 ml for girls. When expressed asa 
percentage of the mean of the first Vp, 
assay in each group, the values are| 
+7.5%, +3.7% and +5.8% respectively. 
Thus the physiological variation 
between 4 and 8% in these subjects. | 


was} 


Discussion 


In Fig. 1 the three values of Vype for 
each of the boys and girls of our series| 
have been plotted on the diagram of 
Engstrém et al. (2) to estimate the prob- 
ability that these children belong to a 
normal population. Few values lie out- 
side the 95 % confidence interval, from) 
which we deduce that these children were 
normal. However, a more extensive study 
of Belgian normal material might possibly 
result in a different regression line (and 
95 per cent confidence interval) for \ppc\ 
plotted against height. Andrews et al. (1) 


TABLE 7. Mean values for Vppc in healthy adults, boys and girls. For details, see T bles 
1-3. 
(1) 2) (3) 
Verc in ml Frc in ml Vprz in ml 
M. E. M 8.D M. E 8.D 
Adults 2413 +213 672 2364 +241 763 2361 +174 5al) 
Boys 1389 +148 512 1386 +155 537 1373 +156 540 
Girls 1439 +160 532 1420 +15 528 1501 + 166 553 
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-—T} ha: found such small differences on two changes in the chest volume. A day-to-day 
dif! rent materials. variation in the position of the ribs, as 

ese data show that the functional well as variation in tonicity of the inter- 
-—J res ‘ual capacity in normal subjects is a costal muscles and the diaphragm would 
rel’ ively stable value with a small day- explain the variations of volume of the 
54} to- iy variation (about 6%). The reason thorax and, consequently, of the lung. 
for the variation may be explained by In a future study the day-to-day varia- 
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tions of other volumes will be compared 
with Vypc. This basic information may 
well be useful in a day-to-day study of the 
lung volumes in pathological conditions 
such as asthma or respiratory muscle 
paralysis and of the influence of drugs. 


Summary 


The functional residual capacity (Vprc) 
was measured in ten normal adults and 
23 normal children (11 girls and 12 boys), 
ranging in age from 6-15 years by a closed 
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circuit method with helium as the est 
gas. Three assays, with some hours to 
several days’ interval, have show: a 
day-to-day variation of about + 6°, in 


the three groups (+ 7.5% for the adv Its,| 
+ 3.7% for the boys and + 5.8 % for the} 
girls). 
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CASE REPORT 


A Case of Ataxia-Telangiectasia 


by JOHN OLOF BONNEVIER 


From the Department of Paediatrics (Head: Assar Normark), Central Hospital, Vasteras, Sweden 


Louis-Bar described in 1941 (4) the 
syndrome, later named after her, of slowly 
progressive cerebellar ataxia and _ pro- 
gressive, symmetrical sclerocutaneous te- 
langiectases, based on the case of a 9- 
year-old boy. In 1958 two cases were pub- 
lished by Centerwall & Miller (3). These 
authors succeeded in tracing 18 earlier 
cases, some published and some unpub- 
lished, and their series came to consist of 
20 cases, 12 girls and 8 boys, from 12 
families in Switzerland, the United States 
of America, England, and Holland. The 
first Seandianvian case was described in 
1959 by Brandt (2), and in 1960 one was 
reported from Australia (Reye, 5). 

The syndrome has been variously named 
Syndroma Louis-Bar, cephalo-oculo-cu- 
taneous teleangiectases, and, in the Ameri- 
can literature, ataxia-telangiectasia. The 
following features are said to be typical: 
(1} Hereditary, progressive ataxia com- 
mencing in early childhood. The ataxia 
ha: been described as being of cerebellar 
tye, sometimes with athetosis. (2) Sym- 
m¢ rically placed telangiectases on the 
ey alls, face (sometimes with ‘“‘butter- 
fl) wing’’ distribution), ears, the exposed 
ar s of back and chest, and hands. (3) 
R« urrent upper respiratory infections, 
in: uding sinusitis, bronchitis, and bron- 


chiectasis. (4) Indistinct, drawling, monot- 
onous speech. (5) Delayed physical but 
normal mental development. (6) Dryness 
of the skin, thin hair with early greying. 


Case Report 


The patient was a girl born on July 14th, 
1947. Her parents and 5 siblings were 
healthy, and the parents are not related. 
There is no known family history of organic 
nerve disease or vascular disease. The patient 
was born at full term and weighed 3300 g, 
and the delivery was normal. Development 
during the first year was rather slow, but the 
child learned to walk by autumn 1948, when 
she had severe pertussis which lasted for 4 
months. She stopped walking, but picked 
up again, and according to the parents be- 
haved as other children up to the age of 4 
years. She then developed slowly progressive 
difficulties in walking, and jerking and shak- 
ing of the arms and hands. She had great dif- 
ficulty in keeping her balance with the upper 
part of her body, but learned to ride a bi- 
cycle. The symptoms increased, particularly 
in the arms. When she started school, there- 
fore, she had difficulty in writing. On ad- 
mission to this paediatric department in 
autumn 1955 her facial expression was stiff, 
and she had a slight intention tremor and 
slight athetotic movements, but the re- 
flexes were normal. She was assumed to have 
post-pertussis cerebral paresis, and was 
treated by physiotherapy. Some improve- 
ment was thought to take place at times. 
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Fig. 1. The electroencephalogram on 13/2/1957 showing paroxysmal abnormality at the vertex. 


The patient continued slowly to deteriorate, 
however, and by the age of 8 years she was 
unable to ride a bicycle. 

The child was admitted to another hospi- 


Fig. 2. The patient in February, 1960. 


tal in February 1957. She now had a rolling 
gait, and placed her feet wide apart when 
walking, but she did not fall. The finger-to- 
nose and heel-to-knee tests revealed inten- 
tion tremor. The facies was mask-like, and the 
conjunctivae were for the first time found to 
have telangiectases. The electroencephalo- 
gram showed a paroxysmal abnormality 
with a maximum at the vertex and a slight 
dominance at the left side (Fig. 1). The 
Wasserman and toxoplasmosis tests were 
negative. Despite the progressive nature of 
the illness, the diagnosis was still considered 
to be cerebral paresis subsequent to pertus- 
sis. The girl was treated at an institution for 
children with cerebral palsy for 6 months 
during 1957-1958, but deteriorated, 
was discharged home. Further deterioration 
took place, and she could no longer either 
stand or walk without support. She could 
dress herself and button up her clothes, but 
only very slowly owing to severe tremor of 
the arms and hands. She received school 
tuition at home a few hours weekly, aiid 
learned to read short words and to do sim, ! 
addition and subtraction. The capillaries >f 
the face became gradually dilated, and la‘ -r 
also those of the hands. It is worthy of ni 'e 
that the patient, according to her moth r, 
had never had a cold, and that she had bc :n 
less susceptible to infection than her siblin s. 

In February 1960 the patient was re: |- 
mitted to the paediatric ward at Vaster s. 
She was small and, as can be seen from fF 3. 
2, thin and round-shouldered, with the he d 
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A CASE OF ATAXIA-TELANGIECTASIA 


Telangiectases on the left eyeball and 
upper and lower lid. 


Fig. 3. 


projecting forwards. The arms, legs, hands, 
and feet were thin and atrophic, with thin, 
dry, cyanotic skin. Telangiectases were 
present symmetrically on the sclerae, eye- 
lids, chin, neck, occiput, and dorsa of the 
hands (Figs. 3 and 4). She seemed ‘‘absent- 
minded’, but answered questions satisfac- 
torily. 

Uncontrolled, sudden, jerky movements of 
the arms and head took place occasionally, 
especially in connexion with voluntary 
movements and when the patient was con- 
centrating. The facies was almost entirely 
expressionless, but on request she was able 
to }roduce a smile or similar movements. 
Thee 
mu-culature showed symmetrical atrophy. 
Th perception of light-touch and cutaneous 


pai: was normal. There was marked ataxia 


was loss of muscle power, and the 


wit. violent intention tremor and concomi- 
tai. tremor movements of the other arm, 
hea . and trunk. The child could not walk, 
eve with support, and could not stand unaid- 
ed. lhe tendon reflexes were present but 
we . Babinski’s sign was negative. The 
oc: ir fundi were normal. The visual acuity 
wa 0.2 on both sides (Monoyer’s scale). 
Sk scopy gave the following results: right 
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Fig. 4. Telangiectases on the right hand. 


eye, 0 +1 D; left eye, O— +0.5 D. The 
ophthalmologist regarded the impairment 
of vision as being of central origin. It was 
not possible to carry out a full vestibular in- 
vestigation; the caloric reactions were nor- 
mal, however. Hearing was normal, and so 
was the electroencephalogram. X-ray of the 
skull showed a_ rather skull-cap. 
Lumbar puncture was not done. Analysis of 


small 


blood and urine gave normal results. The 
intelligence quotient measured by the Ter- 
man—Merill method was 43, although this 
seemed with the child’s 
development. This figure and the general 
impression gained of the patient were prob- 
ably due to her motoric disorder and im- 
pairment of vision. The patient was dis- 
charged home without further treatment. 


low regard to 


Discussion 


The diagnosis of ataxia-telangiectasia 
in this case is based on the progressive 
cerebellar ataxia, the patient’s appearance, 
and the typically placed telangiectases. 


As far as can be determined, the 
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parents are not blood relations, and there 
is no family history of organic nerve 
disease or of skin or vascular changes 
similar to those seen in the condition 
under discussion. The 20 cases collected 
by Centerwall & Miller in 1958 originated 
from 12 families, which would suggest the 
presence of a hereditary factor, although 
in several instances this was not confirmed. 
The absence of a family history in our 
case is therefore no bar to the diagnosis. 

It was first thought that the child had 
cerebral paresis following pertussis. The 
patient has since been followed up over a 
period of several years, however, and the 
nature of the illness has become clearer. 
During the first few years the disease pro- 
gressed so slowly that it was compensated 
by the physical and mental development 
of the child. The patient’s condition 
seemed to be stationary. During recent 
years the picture of progressive ataxia 
has become more and more obvious. 

The skin lesions consist of telangiec- 
tases symmetrically localized to those 
parts of the body that are exposed to 
sunlight. This may perhaps be interpreted 
as an expression of photosensitization. 
The syndrome might therefore be related 
to other states in which photosensitization 
and lesions of the central nervous system 
occur together. In Hartnup’s disease a 
pellagra-like rash develops on areas of the 
skin directly exposed to sunlight, and 
there is reversible cerebellar ataxia. These 
patients have in addition constant amino- 
aciduria. Our patient has not been exa- 
mined for this feature, and aminoaciduria 
was not present in any of the children ex- 
amined by Centerwall & Miller. 

The relationship between the telangiec- 
tases and the neurological findings may 
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be considered to be established. The ce n- 
tral nervous system was indeed normal )n 
macroscopical examination in 2 necrops ies 
(1,3), but histological exminationa revea ed 
thickening of the meninges and widening 
of the meningeal vessels. Similar vessels 
were also reported in the parietal and 
frontal lobes, nucleus dentatus, and the 
olives. There was a greatly reduced num- 
ber of Purkinje cells, and there were signs 
of diffuse, primary, progressive degenera- 
tion of the cerebellar cortex. Air ence- 
phalography had shown dilatation of the 
4th ventricle, indicating cerebellar atrophy. 
Both patients had died of pulmonary in- 
fection, and the necropsies revealed _in- 
flammatory changes of the lungs but no 
vascular lesions. The relationship between 
the cephalo-oculo-cutaneous telangiecta- 
ses and the repeated infections is there- 
fore not explained. 

The mental development of these 
patients is usually within normal limits. 
Owing to the expressionless facies, how- 
ever, it commonly appears to be delayed, 
and the impairment of motor function is 
accompanied by a corresponding inability 
successfully to perform the standard 
tests. The intelligence quotient of 43 


obtained by the Terman—Merill method in | 


our patient was, as the tester pointed out, 
undoubtedly too low. Having regard to ‘he 
child’s ability to read and do simple sus, 
and to her behaviour, it is probable t' at 
the true value is a good deal higher, | \ut 
it is unlikely that her mental developm nt 
is within normal limits. Boder & Sedgw ck 
report intelligence quotients of 91-107 or 
5 children tested at the age of 9 years, ut 
later tests on the same children resu ed 
in values of 71-86. 

The susceptibility to infection and 
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A CASE OF ATAXTA-TELANGIECTASIA 


repcvated upper respiratory tract infections 
have been regarded as an important part 
of the syndrome. The infections have com- 
menced at varying ages, but always be- 
tween 2 and 8 years. In our case the sus- 
ceptibility to infection would seem to have 
been unusually low, despite the fact that 
the child has 5 brothers and sisters and 
would therefore be particularly exposed to 
infections. Nothing is mentioned in Louis- 
Bar's original article or in that of Wells & 
Shy (6), who describe 2 cases, about pro- 
longed infections, although all 3 patients 
were about 93 years old. Susceptibility to 
infection would not therefore seem to be 
an essential feature of the syndrome. 
Ataxia-telangiectasia may probably be 
regarded as an hereditary ataxia, since 
the course of the illness does not differ 
essentially from that of others of the same 
category. The syndrome should be grouped 
among the angiomatoses with changes in 
the central nervous system. These include 
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Sturge-Weber’s syndrome, in which there 
are angiomata of the cortex and face, and 
Osler’s hereditary telangiectasia which may 
involve the brain, skin, eyes, and lungs. 
In the latter state there is no ataxia, how- 
ever. Finally, von Hippel—Lindau’s disease, 
commencing during childhood, may be 
mentioned, in which there is progressive 
angiomatosis of the retina and cerebellum, 
progressive impairment of vision, and 
ataxia. 

The clinical picture in these states is not 
identical to that in ataxia-telangiectasia, 
which should therefore be distinguished 
from other angiomatoses. 


Summary 
Report of a 13-year-old girl with pro- 
gressive ataxia starting at the age of 4 
years, and later also oculo-cutaneous 
telangiectases. Points of divergence from 
the findings in ataxia-telangiectasia are 
discussed. 
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CASE REPORT 


Premature Synostosis in the Sternum (Silverman's Disease) 


by S. BRUNNER 


From the 


Department of Radiology (Directors: E. de Fine Licht and Olaf Petersen, M.D.) and the Paediatr: 


Department (Director: P. Brestrup, M.D.), Copenhagen County Hospital, Gentofte, Denmark 


Of the 
which affect the sternum, the most com- 


yarious congenital anomalies 


mon is funnel chest. Premature synostosis 
is a much rarer sternal anomaly and is 
characterized by premature obliteration of 
the sutures between the sternal segments. 
This results in the characteristic deformity 
which is similar in appearance to pigeon 
breast. 

The sternum is made up of the manu- 
brium, four mesosternal segments, and the 
xiphoid process. Ossification of the centres 
in the manubrium and in the three proxi- 
mal segments of the mesosternum usually 
begins during the last 3 or 4 months of 
foetal life, whereas the distal segment of 
the mesosternum and the xiphoid process 
generally do not ossify until after birth 
(2). Fusion of the different segments, which 
takes place from below upwards (Fig. 1.), 
is completed between the 16th and 25th 


years of age, whereas the manubrio- 
sternal synchondrosis remains unfused 


until after the age of 30 in 90% of peo- 
ple (1). 
Case Report 


The patient, a 7-year-old boy, was the 
third of four children. There was no family 


history of hereditary diseases or malforma- 
tions, particularly no history of chest de- 
formities. His birth history was normal. He 
was admitted for the first time, at the age of 
16 days, with a referred diagnosis of heart 
disease and was found to Fallot’s 
tetralogy combined with a patent ductus 


have 


arteriosus. The patient was subsequently 
admitted seven times because of his heart 
disease, most recently at the age of 7 in Oc- 
tober 1959. Despite this he got on surpris- 
ingly well, developing almost normally for 
his age, although at times he had moderate 
dyspnoea and cyanosis of his lips. X-ray 
investigation, as early as the age of 16 days, 
revealed incipient synostosis of the sternum. 
Repeated X-ray films at the age of 6 months 
showed more marked changes (Fig. 2), and 
at 7 years showed fairly marked deformity, 
consisting of pronounced forward angulation 
of the sternum (Fig. 3). Clinically, the chest 
was deformed, showing a midline bulge of the 
sternum (Fig. 4). 


Discussion 


Oniy ten cases of premature ste: ial 
synostosis have been reported previou ly, 
most of them by Currarino & Silver: an 
(3). None was demonstrated in newl orn 
infants, so that it cannot be stated c ‘fi- 
nitely whether in some of the reported c. 3¢s 
the sternum has formed from one ossil ¢a- 
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CENTERS APPEAR CENTERS FUSE 


| 
7 | 
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Fig. |. The normal development of the sternum 
and ossification of the centres (after Silverman). 


Fig. The same patient at the age of 7 


years. 
te obliteration of the sutures with pro- 
nounced deformity of the sternum. 


Con 


Fig. 2. Lateral roentgenogram of the chest of the 
patient when 6 months old. Note the forward 
angulation of the sternum and narrow sutures. 


Fig. 4. Photograph of the boy, aged 7 years, with 
pigeon breast. 
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tion centre or whether the centres have 
fused after birth. Silverman mentions a 
patient, aged 3 days, who displayed slight 
forward angulation of the sternum with 
narrow sternal sutures. The youngest 
case on record was 1 month old (4). In the 
present case, X-ray examination 16 days 
after birth showed that the sutures were 
narrow although segmentation was still 
present. The characteristic X-ray finding 
in all previous cases as well as in the pre- 
sent one is the fairly marked forward 
angulation of the sternum. There is no 
pathological evidence that the ribs or the 
diaphragm play a causal réle in the prema- 
ture fusion of the sternum. 

It is remarkable that six of the ten 
previously reported cases have had con- 
genital cardiovascular malformation, usu- 
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ally in the form of a shunt and signs of 
pulmonary stenosis. Since the pres nt 
patient also has congenital heart dise: se, 
it seems reasonable to think of a com. 
mon disturbance in embryologic devel p- 
ment. Premature synostosis of the sier- 
num should be looked for in patients w ith 
congenital heart disease particularly those 
with intracardiac shunts or pulmonic 
stenosis. It may be more common thian 
the literature would suggest. 


Summary 


A case of a rare sternal anomaly, pre- 
mature synostosis, is reported, character- 
ised by premature obliteration of the su- 
tures between the sternal segments. The 
clinical and roentgenologic findings are 
discussed. 
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CASE REPORT 


In classic haemophilia (haemophilia A) 
} as well as in Christmas disease (haemophi- 
lia B) severe skeletal anomalies may occur 
owing to repeated haemorrhages. 

These anomalies are usually caused by 
repeated haemorrhages into the joints; 
the joints most frequently affected are the 
knees. Due to repeated haemarthrosis the 
synovia becomes hypertrophic and more 
vascularized; then the cartilage becomes 
affected causing irregularity of its surface. 

Changes in the subchondral bone also 
take place, initially in the form of sclerosis 
and cysts. If the intra-articular haemor- 
thages occur frequently, the patient does 
not rest sufficiently, and if no ortho- 
paedic measures are taken nor measures 
for obtaining amelioration of the blood 
anomalies, then the deviations in the joint 
cartilage and in the subchondral bone in- 
crease: steadily (compare, inter alia, Jordan 
(3), Middlemiss (4). This will result in 
malformations of the joints with 
impa red mobility and contractures. 

H. emorrhages in the bone may also 


sever: 


occu ; this may be in the subchondral part 
of t! - bone, in connection with degenera- 
tive hanges in the cartilage of the joint. 
But he haemorrhages can also take place 
int] growing epiphysis or in the diaphy- 
sis a long bone. The latter may result in 


Subperiosteal Haemorrhage in Haemophilia A and B 


by S. van CREVELD and M. J. KINGMA 


From the Department of Paediatrics of the University of Amsterdam 


a picture which, for instance, in the hip- 
joint resembles very much Perthes’ disease. 

At first the bleedings in the shaft may 
give the impression of a bone cyst in which 
the necrotic bone is completely resorbed. 
But in this necrotic area calcification may 
also occur; so that in the shaft a markedly 
calcified zone in the midst of an ischaemic 
zone is visible. 

And finally a subperiostal bleeding may 
occur also; this is a more rare occurrence. 
Occasionally a periostal reaction will be 
found in the neighbourhood of an af- 
fected joint as a symptom of reactive 
hyperaemia. In the subperiostal bleeding 
calcification may occur, but later on re- 
sorption of the newly formed bone takes 
place, so that the condition again becomes 
normal. 

However, occasionally a repeated sub- 
periosteal and capsular bleeding may occur. 
In this way a severe pressure is exerted 
on the underlying bone which may lead to 
pressure atrophy of the bone and later on 
also of the underlying bone-marrow. 

Usually a large firm swelling of the soft 
parts is present simultaneously; in such 
cases we speak of a pseudo-sarcoma or of a 
pseudo-tumor in haemophilia. The de- 
velopment of such a pseudo-tumor de- 
pends on its localization and on the treat- 
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Fig. 1. Patient 
ment. In principle there is no difference 
between the bone anomalies which may oc- 
cur in haemophilia A and in haemophilia 
B, though cases of bone anomalies in 
haemophilia B are still relatively few. 

We were able to observe such a pseudo- 
tumor in two patients, one suffering from 
haemophilia A, and in one with haemophi- 
lia B. 

CasE |. Patient 
years and a half, is known to suffer from 


R., a boy aged seven 


haemophilia A. Since he was one year old, 
he has been admitted repeatedly to our 
clinic, especially in the first years of life on 
of haemorrhages of the skin, of 
but 
year also because of repeated joint haemor- 


account 
frenulum and gums, since his sixth 
rhages. 

When six years and four months old he 
was admitted again, this time on account of 
an extensive bleeding in the area of the right 
hip-joint. On admission the boy was very 
pale and showed a severe swelling from 5 em 
below the right crista iliaca to 15 em above 
the right knee. The mobility in the right 
hip was greatly restricted. The haemoglobin 
content of the blood was 6 g%. In the next 
three weeks the boy received transfusions of 
2750 ce blood and 2250 cc plasma; then the 
haematoma had been resorbed for the greater 
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R. 


Date: 


5/3/59. 


part and the hip could be moved slightly: 
however, a paralysis of the sciatic nervw 
developed. On account of an incipient con- 
traction a suspension-stretch bandage was 
applied and one month after admissio1 
electrotherapy of the muscles of the lowe! 
leg was started. However, in the long runa 
more adequate revalidation therapy was 
necessary and therefore the patient 
transferred to the ‘‘De Hoogstraat”’ revalida- 
tion centre in Leersum. When the boy hai 


was 


been there for several months, he developed 
a large haematoma of the right heel, whicl 
within some days reached alarming propor- 
tions. Now the boy was transferred ayain 
to our Children’s Clinic. 

On admission the patient did not give the 
impression of being seriously ill; his fee: ling 
was excellent. Temperature 39.1°C. Ne ab: 
normalities of eyes, ears, nose, mouth and 
throat, neck, breast or abdomen. A flexion 


contraction of the right hip and right <nee 


was present. The right heel was enorm: us!) 
swollen and as big as the fist of an adult nan 
(Fig. 1). The skin above the swelling was 
red, smooth and stretched with incre ised 
venous pattern. There was a slight te ipes 
equinus. The colour of the forefoot and «th 
toes was normal. The toes could move nor: 
mally. The X-rays showed a markec at- 
rophy of the bone; about half of the — ight 


calcaneus had disappeared (Fig. 2). 
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kor the diagnosis we had to consider the 
poss bility of haemorrhage, a malignant 
tum ur or BRUMMELKAMP (1) 
receritly described the picture of pseudo- 


osteolysis. 


sarcoma in haemophilia and discussed the dif- 
ficulties of the differentiation in these con- 
ditions with malignant tumours. VAN DE 
Weyer (5) at a meeting of the Dutch 
} Orthopaedic Society communicated his ex- 
periences with two patients with osteolysis 
(‘dite essentielle”’), a mysterious morbid 
picture in which, without any obvious 
reason, a part of the skeleton totally disap- 
pears. 

A diagnosis of osteolysis in a patient 
with haemophilia A was made. The fol- 
lowing therapeutical points had to be con- 
sidered: 

(a) prevention of decubitus of the 
highly stretched skin. 

(b) promotion of the resorption of the 
enormous haemorrhage, largely of old 
hlood, by means of frequent transfusions 
of fresh blood or of fresh plasma (citrated 
or heparinized plasma) over a long period. 

(c) prevention of new contractions. 

(d) the already existing contractions had 
to be restored to a normal condition. 

With reference to (a) the boy had to 
change his position in bed regularly. In 
order to promote the resorption of the 
haemorrhage the boy received transfusions 
of 150 ce of heparinized plasma immedi- 
ately after his admission, next day a trans- 
fusion of 500 ce of blood and from this 
day on a daily transfusion of fresh citrated 


plas: a (Van Creveld & Mochtar (2). With 
regar to (c) and (d) the boy was encour- 
aged to move all joints of the right leg 


activ ly. 


Th further course was favourable. 


Som: days after admission the pain in the 
right foot abated considerably; on the 
thir’ lay the temperature had dropped to 
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Fig. 2. Patient R. Date: 5/3/59. 


normal values and the swelling gradually 
became smaller. After three weeks the 
skin over the heel was wrinkled, and the 
daily transfusions were discontinued. 

After six weeks there was a considerable 
decrease of the swelling; at that moment a 
distinct pes equino-varus as well as the 
persisting and still existing paresis of the 
nervus ischiadicus was present. The poor 
position of the right foot was fixated and 
the roentgenogram showed a recalcifica- 
tion of the os caleaneum (Fig. 3). Then the 
position of the foot was ameliorated by 
cautious manual redressment under pro- 
tection of a plasma infusion, and the foot 
was placed in plaster. Every two weeks 
this redressment was repeated, always 
under protection of a plasma infusion. 

After three months a satisfactory posi- 
tion of the foot was obtained. No more 
haemorrhages occurred. The plaster-cast 
was replaced by a walking cast and the 
patient was mobilized. 

About five months after the admission, 
roentgenograms revealed a recalcification 
of the calcaneus, though its form is some- 
what different from the previous ones 
(Fig. 4); the skeleton of the foot still shows 
some general atrophy. The contractures 
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Fig. 3. Patient R. Date: 15/4/59. 


of hip and knee have disappeared. The 
neurological deviations have greatly im- 
proved; there is still a peronaeal paresis, 
and on account of this the foot shows an 
inclination to become a club-foot. For this 
reason the patient again received a walk- 
ing cast, which later on was replaced by a 
leather support. 


CasE 2. Our second observation is that of 
patient W., a boy with haemophilia B, now 
nine years old, and only child of healthy 
parents. There are no haemorrhagic diath- 
eses in the family. An intracranial haemor- 
rhage occurred at birth. 

During the first four years he often suf- 
fered from fainting fits, blue spots and nose- 
bleedings. Then no more haemorrhages oc- 
curred till at the age of seven years he fell 
with his right knee on a fragment of glass. 
The wound became infected and surgical in- 
tervention was followed by a haemorrhage 
in the right knee. The patient received a 
plaster cast for both legs and was admitted 
into the Children’s Clinic for the first time. 
The haemarthrosis was reduced by means of 
ice-bags, transfusions of blood and plasma 
and continuous nursing in _plastersplints. 


Fig. 4. Patient R. Date: 12/8/59. 


The restricted extension of the right kne 
was completely restored to normal by mean: 
of a plaster stretch bandage. After a sta 
of about two the Children’ 
Clinic the patient was discharged. 

later, repeated haemor 


months in 

Some months 
rhages occurred, inter alia in the right kne 
and a haemorrhage in the right heel devel 
oped. The roentgenogram of the foot reveale 
that the greater part of the calcaneus hai 
disappeared. In consultation with the pacdia 


trician (Dr. Wijffels) the boy, now age( 
eight years, was readmitted to the Children: 


Clinic. 


The principal abnormality was locilised 


in the right heel. Laterally and at the pos 
terior of the heel a large and red blu 
swelling, the size of a grape-fruit, was pre: 
sent. The skin of the heel was smoot! an¢ 
stretched. The roentgenogram of the cal: 
caneus gave the picture as seen in Fig 5. 4 
talipes was present. The foot was place: iné 
suspension bandage in order to free th het! 
from any pressure. The patient was er °oul 
aged to make active movements with hi _ feet 
Then an intermittent infusion of freé! 
citrated plasma or lyophilized hepar ize‘ 
plasma was started and continued fr | 
days. A week after the beginning o thi 
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Fig. 5. Patient W. Date: 
Fig. 6. Patient W. Date: 13/2/60. 


treatment the skin was less smooth and less 


stretched. The sensitivity was undisturbed 


and the toes could be moved in a normal 
way. 

A month after his admission exercises 
unde: supervision of a physiotherapist were 
start: |. The swelling and discoloration grad- 
ually liminished and the regular check by 
mean of roentgenograms showed an in- 
creas g calcification in the osteolytic area 
(Figs 5 and 7). 

Tl -e months after the admission the boy 
start walking between walking bars with 
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24/11/59. 


no weight-bearing on his right foot. Two 
weeks later a haemorrhage in the right knee 
occurred which soon disappeared after sev- 
eral transfusions of plasma. Still some weeks 
later another haematoma occurred. Now the 
walking exercises were discontinued for some 
weeks, and about 7 months after admission 
these exercises were cautiously started first 
for some weeks under supervision in walking 
bars and after that with two crutches. 
In the meantime the regular roentgenologic 
control of the heel had shown an important 
improvement of the ossification (Fig. 8). 
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Fig. 7. Patient W. Date: 12/5/60. 


Discussion 


In our opinion the combined treatment 
with transfusions of blood and plasma and 
orthopaedic measures have prevented a 
further progression, as has been observed 
in other cases. 

Stimulating the resorption of the haema- 
toma undoubtedly has promoted the de- 
position of the new bone. This was localised 
largely within the original limits of the 
affected part of the skeleton. Finally the 
very cautious mobilization has contributed 
to the fact that the haemorrhage did not 


recur immediately. 
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Fig. 8. Patient W. Date: 9/9/60. 


Summary 


Description of two cases of extensiv 
subperiosteal haematoma of the heel in a 
patient with haemophilia A and in a pa- 
tient with haemophilia B. These haema. 
tomata gave rise to extensive destruction 
of the calcaneus. Discussion of the means 
by which recovery was obtained. 

We are grateful to Dr. H. A. E. Fermin 
and his staff from the Roentgenolovical 
Department of the Binnen Gasthuis for the 
preparation of the X-ray films. 
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CASE REPORT 


Renal Tubular Defects in Fibrous Dysplasia of the Bones 


Report of Two Cases 


by SVERRE HALVORSEN and KJELL AAS 


From the University Pediatric Clinic (Head: Prof. L. Salomonsen), Rikshospitalet, Oslo, Norway 


The purpose of the present paper is to 
report the occurrence of renal tubular 
defects in two cases of fibrous dysplasia 
of the bones (f.d.b.). 


CasE 1. G. B., a girl, was born in 1946. 
Her parents are unrelated and_ healthy. 
Three brothers are also well. No other case 
of congenital anomalies in the family is 
known. Pregnancy and delivery were normal. 
Birth weight 3500 g, height 52 em. The 
neonatal period and psychomotor develop- 
ment were normal. She was nursed for two 
months, then  bottle-fed on prescribed 
formula. Cod liver oil was given from four 
wecks of age through the first year, and 
later every winter in appropriate prophy- 
lactic doses. From the age of five years she 
started to complain of pains in the legs 
and she tired easily. Accelerated growth and 
development of the breasts was noted, 
an’ pubic and axillary hair had developed. 
Her body proportions were more mature 
than expected for her age. Her first menstru- 
ation occurred at nine years of age. At the 
ag: of seven she was admitted to the Uni- 
ity Pediatric Clinic, Rikshospitalet, for 
the first time, because of the leg pains and 
pr nature sexual development. She was 
th \ tall, height 134 cm (97.5 percentile for 
ag: ., weight 30 kg (50 percentile for height) 
an had a broad and heavy trunk. The 
br'.sts were well developed and _ pubic 
he s were present, although rather sparse. 
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Several “‘café-au-lait’? spots were found 
scattered over the skin. The left eye was 
exophthalmic and protruded 3 mm more than 
the right The thyroid gland was 
diffusely enlarged. All epiphyses were en- 
larged. A moderate genu valgum was noted. 

Laboratory investigations. Routine blood 
counts were normal. The urine analysis was 
likewise normal with sp. gr. 1.028 (urine 
chromatography was not performed). Serum 
chemistry: Ca 10.8 mg/100 ml, P 2.3 mg/ 
100 ml, alkaline phosphatase 21.4 Buch 
units, cholesterol 160 mg/100 ml, urea 30 
mg/100 ml, CO,-combining power 48 vol%, 
thymol turbidity 0.05, glycose tolerance test 
normal. Fat excretion in stools was normal. 


one. 


Urinary excretion of 17-ketosteroids and 
oestrogens was within normal limits for her 
age. 

Roentgenological All epi- 
physes appeared widened, cupped and frayed 
with the typical signs of rickets. The bone 
age was estimated at 12-13 years. Besides 
these general signs of rickets she had localized 
changes widely distributed in the skeleton. 
The skull was affected on the left side only, 
with partly sclerotic bone and alternating 
areas of translucency and increased opacity. 
Similar changes were found in several bones, 
mostly on the right side. The bones other- 
wise appeared normal (Fig. 1). The roent- 
genological diagnosis was f.d.b. and rickets. 

Treatment and further observations. She 
was given vitamin D, totalling 1,000,000 


investigations. 


f 
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units in the course of two days and then 
sent home. As roentgenograms two months 
later showed only slight improvement, she 
was then given five drops daily of AFI-D, 
forte (7000 units per drop) and the dose was 
later increased to 70,000 units per day. 
Following this increased dosage her rickets 
healed satisfactorily. Serum Ca remained 
normal, but serum P remained low (1.5—3 mg/ 
100 ml), while the alkaline phosphatase 
activity showed some decrease, although it 
was elevated most of the time. The Sulko- 
witch reaction in the urine was + or + +. 
She has continued to take vitamin D, daily 
since the first hospitalization in dosages 
between 70,000 and 100,000 units. A supra- 
condylar osteotomy was performed on both 
femora at the age of 11, because of increasing 
deformities of the lower extremities. At the 
age of 13 she had a grand mal seizure which 
minutes. EEG 
focus in the left 
phenobarbital treatment was 


lasted several showed an 


active spike temporal 
region and 
started. 
The most recent follow-up was when she 
was 14 years old. She now had a short 
and broad stature. Height 142 cm (below 
the 2.5 percentile for age), weight 44 kg. 
The head appeared enlarged. There was 
bilateral exophthalmus. The thyroid gland 
was diffusely enlarged and she had a thyro- 
with tremor manu and 
clammy hands. There was slight acne. 
Pulse rate 120, BP 150/90. ‘The gait was 
waddling. The lumbar spine was flattened 


toxic appearance 


and a thoracic lordosis was 
There were flexion contractures of 5° of both 
Routine counts and 
analysis were normal. Serum 
Ca 10.3 mg/100 ml, P 3.1 

alkaline phosphatase 26.4 Buch units, urea 
31 mg/100 ml, PBI 12.6 mwg/100 ml, and 
cholesterol 172 and 162 mg/100 ml. Urea 
normal and the creatinine 
tolerance showed 74.2% 
55%). Tubular reabsorption of phosphorus 
(TRP) 54% (normal 85 + 5%). Urine paper 
chromatography showed a slight but insigni- 
ficant generalized increase of amino acids 
and no definite hyperglycinuria. (Both TRP 


prominent. 


knees. blood urine 
chemistry: 


mg/100 ml, 


clearance was 


tests (normal 


and chromatography were performed dur: 1g 
treatment.) BMR 140%, 126%, 120%. 

The roentgenograms showed no signs of 
rickets. The epiphyseal lines were clos: d. 
The polyostotic lesions had progres: ed 
since the first examination. In the skull ‘he 
lesions were now almost generalized aad 
most marked around the left orbit. New 
lesions had appeared in the spinal coluinn 
with compression fractures of T5, L4 and 
L5, and the ribs now revealed typical dys- 
plastic changes. The lesions had also pro- 
gressed in the extremities on the right side. 
Only the metaphyses and diaphyses were 
affected while the epiphyses were normal. 
An additional diagnosis of hyperthyroidism 
was made and treatment with Neomercazol 
instituted. 


CasE 2. N. S., a girl, born 1954. The 
parents and her two siblings are healthy. An 
uncle has congenital luxation of the hip. 
There are no further known cases of con- 
genital anomalies in the family, and especi- 
ally no other known case of renal glucosuria. 
Pregnancy, delivery and the neonatal period 
were normal. From 6 to 12 months age she 
suffered from eczema and recurrent upper 
respiratory tract 
appetite and was underweight. During the 
first year the psychomotor development was 
normal, later she appeared to be slightly 
retarded. At age 3 years she started to limp, 
and the right leg was found to be shorter 
than the left one. Later that year (Dec. 
1957) the left tibia was fractured, but healed 
in good position. In May 1958 the l-ft 
humerus was fractured and she was treat:d 
in a local hospital. At that time it was 
noted that she had glucosuria with normal 
fasting blood-sugar levels. Because of a sub- 
trochanteric fracture of the left femur in 
May 1959, at age 43 years, she was trea‘ °d 
in an orthopedic surgery hospital and yas 
then transferred to the University Pediat ‘ic 
Clinic for investigation of her glucosuria. 

Physical examination. She was pale, 
der and a little irritable. Height 102 em 10 
percentile for age), weight 14.4 kg (24 p r- 
centile for height). She had vitiligo of ‘1¢ 


infections, had a_ poor 
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Fig. L. 


Fig. 2. 


G. B. (Case 1). Right radius and ulna. Fibrotic areas predominantly in the right ulna 


with normal bone structure between the localized lesions. 


Fig. 2. N.S. (Case 2). 


X-rays of both lower legs. The left tibia shows fibrotic areas and scattered 


patches of irregular rarefaction. The right leg is normal. 


skin, but no other discolorations. The left leg 
was 3 em longer than the right one and 
showed a lateral bending. 

Lehoratory investigations. Urine, sp. gr. 
1.02°, Heller neg. Clinistix +, Benedict 
reac:ion +, Sulkowitch +. The positive reac- 
tion for reducing substance were found in 
mo: specimens, but an occasional specimen 
taki 1 during fasting was negative. The 
red: sing substance was proved to be glucose 
by iromatographie studies. Routine blood 
cou ‘s were normal. Fasting blood-sugar 
lev was 85 mg/100 ml, glucose tolerance 
tes’ began at 95 mg/100 ml, rose to 193 mg/ 
10¢ nl at $ hour and was 70 mg/100 ml after 
13! ars. Serum chemistry: Ca was 9.9-10.1 


mg/100 ml, P 2.3-2.7 mg/100 ml, alkaline 
phosphatase 10.5 Buch units, protein 6.7 
g/100 ml with normal electrophoresis curve 
and thymol turbidity 0.06. Roentgenological 
examination of the skeleton showed changes 
characteristic of fibrous dysplasia in the 
extremities on the left side (Fig. 2), while the 
skull, ribs, spinal column and the right 
extremities were normal. The left leg was at 
least 4 cm longer than the right one. In the 
metaphyses and diaphyses of the affected 
bones there were areas of translucency and 
increased opacity alternating with bone of 
normal appearance. In the left femur a 
fracture line was noted. The affected bones 
than Intravenous 


were broader normal. 
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pyelography showed enlargement of the left 
renal pelvis without signs of stenosis. The 
calyces were broad and short. 

A diagnosis of f.d.b. and renal glucosuria 
was made and no treatment was begun. 
Because of increasing bending of the left 
femur, a corrective osteotomy was performed 
in Oct. 1959 with a satisfactory result. From 
July 1959 to Feb. 1960 she was readmitted 
3 times to the Pediatric Clinic for further 
studies. At the physical examinations she 
was unchanged except for the operative 
changes. The laboratory investigations 
showed glucosuria as before, while the fasting 
blood sugar and glucose tolerance tests were 
normal on repeated examinations. Serum- 
chemistry: Ca remained normal, units P 2.6— 
4 mg/100 ml, alkaline phosphatase 11.6—13.1 
Buch units, urea 24-26 mg/100 ml, creatinine 
0.5, 1.0-1.3 mg/100 ml, CO,-combining power 
48.8 vol%, chlorides 105 mEq/L, potassium 
4.0 mEq/L. Creatinine tolerance test 66.6% 
and TRP 76%. 

Two-dimensional paper chromatography 
showed a generalized pathological amino- 
aciduria in four of the five tested specimens. 
Most increased were leucine, valine, proline 
and phenylalanine, but cystine, serine, 
glycine, alanine, threonine and glutamine 
were also present in pathological amounts. 
Chromatography of plasma showed no 
abnormal amino-acid pattern. X-rays did 
not show further changes. 


Discussion 


The diagnosis of f.d.b. is well estab- 
lished in both cases. The first case (G. B.) 
exhibited the classical triad of McCune- 
Albright’s syndrome. In addition she had 
vitamin D resistant rickets and hyper- 
thyroidism. N. 8., Case No. 2, has polyo- 
stotic fibrous dysplasia of the bones; 
aminoaciduria and renal glucosuria have 
also been found. 

The symptomatology of f.d.b. is well 
known and will not be reviewed here. The 
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three chief features of the disease are (1) 
skeletal lesions affecting only one, a ‘ew, 
many or almost every bone in the bx dy, 
(2) pigmented patches in the skin, (3) 
endocrine disturbances manifested by 
sexual and somatic precocity, especiilly 
in the female, and other endocrine disturb. 
ances. The skeletal lesions 
essential feature and may or may not be 
accompanied by either or both of the 
other two (14). Hyperthyroidism has 
been reported (14), 
cardiovascular anomalies in two cases (14) 
and diabetes mellitus in one case (15). 
Symptoms and signs due to mechanical 
pressure on the eyes and spinal cord, as 
well as spinal and cranial nerves, are 
fairly common. To the authors’ knowledge, 
the combination of f.d.b. and_ renal 
tubular defects has not been reported 
previously. 

On her first admission to the hospital 
G. B. had full-blown rickets. According to 
the history, she had received an adequate 
vitamin D intake, and she did not respond 
to ordinary doses of the vitamin. Her 
serum phosphorus remained low during 
treatment and the alkaline phosphatase 
was elevated, although it fell somewhat 
with treatment. Further studies revealed 
a reduced TRP, a finding which is in 
accordance with previous reports of v ta- 
min D resistant rickets. Hyperglycinuia, 


are an 


in several cases 


an inconstant finding in vitamin D 
resistant rickets (2, 4), was not pre: nt 
in our patient, although it must be 
admitted that examination for aminc 
duria was not performed until after sev 
years of treatment. 

The ultimate cause of vitamin D ° °si- 
stant rickets is unknown. The low se um 


values and reduced tubular reabsorp ion 
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of phosphorus are constant findings. 
Several authors (2, 4, 17) have stated 
thai this renal tubular dysfunction is the 
probable cause of the disease. However, 
Albright (1) has suggested that the 
reduced reabsorption of phosphorus may 
be due to hyperparathyroidism (primary 
or secondary). The latter view was 
recently supported by Fraser et al. (7) 
who studied the reabsorption of phos- 
phorus during intravenous calcium ioad- 
ing, and found increased reabsorption of 
phosphorus in the test period in the pa- 
tients with vitamin D resistant rickets. As 
pointed out by Harrison in the discussion 
of Fraser’s paper, this does not necessarily 
exclude the kidneys as the site of dys- 
function. Harrison suggests the possi- 
bility of the renal tubules possessing in- 
creased sensitivity to the parathormone 
in this disease (7). 

The pathogenesis of vitamin D resistant 
rickets needs further clarification. We find 
it reasonable to believe that tubular dys- 
function plays a significant role either 
alone or in combination with other metab- 
olic defects. The finding of hyperglyci- 
nuria in some of these patients may favor 
this theory. Inorganic phosphorus is re- 
absorbed in the proximal tubules. Renal 
glucosuria and aminoaciduria are also 
belived to be results of reabsorption 
defe‘ts in the proximal part of the 
nep! ron (6). Accordingly the site of the 
defect in both of our cases of f.d.b. 
e located to the proximal tubules. 
Te fundamental biochemical mechan- 
n these tubular defects is not known, 
but the finding of Harrison & Harrison 
(9) \at maleic acid inhibits the reabsorp- 
if phosphate, glucose and aminoacids, 
sug -sts that a common or closely related 
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tubuiar transport system may exist for 
these substances. This is further supported 
by the occurrence of renal glucosuria, 
aminoaciduria and phosphaturia in syn- 
dromes of apparently diverse origin such 
as cystinosis, de Toni-Fanconi syndrome, 
lead (3) and lysol poisoning (18). 

The diagnosis of renal glucosuria in our 
patient N. S. is based on the following 
findings. (1) Glucosuria which has been 
observed on different hospital admissions 
during 2 years. Glucose has been present 
in most specimens, but an occasional 
specimen taken during fasting has been 
normal. (2) Normal fasting blood sugars 
and normal glucose tolerance tests on 
repeated examinations. Simultaneously 
obtained urine specimens showed glucose 
in all but one. Hyperglycemia has not 
been observed. (3) The reducing substance 
in the urine has been proved to be glucose 
by chromatographic studies. (4) During 
the observation period of 2 years there 
has been no development towards a 
diabetic state. 

The present case does not fullfill all the 
criteria for the diagnosis of renal glucos- 
uria stated by Marble (13), as some 
specimens have been normal. Others (10, 
11) do not believe that invariable gluco- 
suria is a sine qua non for the diagnosis. 
Reubi (16) has forwarded the hypothesis 
that there are two distinct groups of renal 
glucosuria. In both groups there is a 
defect in the tubules, either separate or 
as a glomerular-tubular imbalance. The 
finding of hyperaminoaciduria in our 
patient also makes it likely that the 
glucosuria in this patient is due to a 
tubular defect. 

Luder & Sheldon (12) have described 
a family with four cases of renal glucosuria 
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and aminoaciduria in three generations. 


The 


mainly proline, leucine, and valine, but 


aminoacids excreted in excess were 


cystine, lysine, tyrosine, serine, threonine, 
alanine, glutamine, beta-alanine, alpha 
amino butyric acid and methionine were 
also found. The urinary amino acid 
pattern in Case 2 resembles that described 
by Luder & Sheldon. It is our opinion 
that she belongs to this group of patients 
even though there is apparently no family 
history. 

We do not believe that the finding of 
renal tubular defects in two cases of f.d.b. 
give a clue to the etiology of the skeletal 
lesions. Since these are localized, it is un- 
likely that they are caused by metabolic 
disturbances secondary to a renal defect. 
However, the possibility that the combi- 
nation of f.d.b. and renal tubular defects 
might occur by chance is extremely small, 
considering that both diseases are very 
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rare ones. We postulate that the tub. lar 
defects in our two cases of polyost tic 
fibrous dysplasia are associated conger ital 
defects, and believe that they may be 
found more often if they are loo<ed 
for. 


Summary 


The occurrence of renal tubular defects 
in two cases of fibrous dysplasia of the 
bones is reported. Case 1 has vitamin D 
resistant rickets and Case 2 has renal 
glucosuria and aminoaciduria. The renal 
defect in Case 2 resembles the syndrome 
of Luder & Sheldon. According to the 
present theories on renal function, the site 
of the renal defects can be located to the 
proximal tubules in both cases. It is 
postulated that the renal defects in fibrous 
dysplasia of the bones are associated con- 
genital lesions. 
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PROGRESS IN PEDIATRICS 


Toxoplasmosis in Children 


A Study of 83 Swedish Cases 


by GRETA HEDENSTROM, GUNNEL HULDT and RUTGER LAGERCRANTZ 


From the Pediatric Department, Barnsjukhuset Samariten (Head: L. Strém), the State Bacteriological Laboratory 
(Head: G. Olin) and the Pediatric Clinic (Head: J. Lind), Karolinska Sjukhuset, Stockholm 


The interest in toxoplasmosis has been 
great ever since Wolf, Cowen & Paige (20) 
in 1939 described the first case in man. 
Pediatricians have primarily been inter- 
ested in the congenital form of the disease. 
The clinical picture of congenital toxo- 
plasmosis is well known. Severe cases 
show signs of generalized disease: icterus, 
petechii, enlargement of liver and spleen 
and involvement of the central nervous 
system. Most reported cases have not 
presented symptoms of generalized disease, 
but instead have had one or several of the 
symptoms described by Sabin as typical of 
congenital toxoplasmosis (convulsions, cho- 
rioretinitis, hydrocephalus, and intracere- 
bral calcifications). Most cases have had a 
fatal outcome or a very poor prognosis 
with invalidizing symptoms and mental 
retardation. Gard, Magnusson & Hagberg 
(4) and Hedenstrém (7) have, however, 
described cases with benign course and 
normal mental development. 


The acquired type of toxoplasmosis was 
first described in 1941 (12). The cases 
which were initially described all had 
septic fever, and many had a fatal out- 
come. Later, mild cases were observed and 


it seems that most of them ran a slight or 
a subclinical course. It is probable, how- 
ever, that the disease always starts as a 
generalized infection, even though symp- 
toms of this might be missing. In Scandi- 
navia the most common clinical symptoms 
seems to be lymphadenopathy with or 
without fever often resembling infectious 
mononucleosis (1, 3, 5, 17, 18). Few cases of 
acquired toxoplasmosis have been de- 
scribed in children. Sabin (14) was the first 
to describe a case in a child (1941), a 
six-year-old boy who had meningo-en- 
cephalitis with a fatal outcome. Siim (18) 
has reported some cases with febrile 
lymphadenopathy in boys. 

The great variations in the clinical pic- 
ture of toxoplasmosis have thus been 
amply demonstrated. Yet the epidemiolo; y 
is poorly understood. In planning 4 
study in this field, we began with a surv y 
of cases of toxoplasmosis diagnosed (1 
Swedish children during the period 19: | 
to 1959. 


Material and Methods 


The case material consists of 83 childrn 
with serological signs of an actual or recent vy 
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Fig. 1. Antibody titers in children with congenital 
toxoplasmosis related to age. O =titer in dye 
test, N=titer in complement fixation test. 


}subsided toxoplasmosis. There was evidence 
that in none of the cases were the anti- 
bodies demonstrated passively transferred. 
The cases came from various parts of Sweden, 
from Kiruna in the north to Lund in the 
south. Fifty-one children lived in urban and 
33 in rural districts. 

A summary of the clinical findings was 
obtained through the courtesy of the heads 
of various pediatric departments. Serological 
investigation using the dye test (DT) and 
the complement fixation test (CFT) were 
performed at the State Bacteriological 
Laboratory, Stockholm (8, 15). 

In the following presentation the material 
}is diviled into three groups: I, congenital 
toxoplasmosis; II, acquired toxoplasmosis; 
IIT, cases uncertain if congenital or acquired. 


I. Congenital Toxoplasmosis 


The material comprises 62 cases of con- 
genits toxoplasmosis. The diagnosis in 
most : ises was based on a typical clinical 
pictu: and elevated titer values for anti- 
hodie against toxoplasma. Fifty-six of 
these -hildren had high antibody titers 
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Fig. 2. Antibody titers in mothers of children 

with congenital toxoplasmosis, related to the 

child’s age. O =titer in dye test, X=titer in 
complement fixation test. 


against toxoplasma 1/1250 and/or 
CFT => 1/120). The six remaining cases 
with lower titer values were all below one 
year of age, which indicated that the in- 
fection must have been rather recent and 
probably congenital. Fig. 1 illustrates all 
titer values obtained from these congenital 
cases and includes results of different meas- 
urements in the same patient. Blood 
specimens from the mothers were obtained 
in 49 cases and they all showed elevated 
titer values even several years after the 
birth of the patient (Fig. 2). 

Some of the findings in this study are 
summarized in Table 1 and Fig. 3. Fifty- 
eight patients showed one or several of the 
symptoms described as typical of congeni- 
tal toxoplasmosis. As these symptoms have 
been repeatedly reported in the literature, 
we will not go into details here. Table 2 
summarizes some findings in twelve 
patients observed during the neonatal 
period. These represent very severe cases 
with generalized disease and often fatal 
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Fig. 3. Symptomatology and lethality in 62 

cases of congenital toxoplasmosis. * without 

chorioretinitis, hydrocephalus or intracerebral 

(i.c.) calcifications. Seven with epilepsia, eighth 
mentally retarded. 


outcome. The following case might be men- 
tioned as an example of this fulminating 
type of congenital toxoplasmosis. 


H.G. born Jan. 7, 1959. Third child of 
healthy parents. Some episodes of bleeding 
in the seventh month of gestation, born one 
month before term. Birth weight 2700 g. 
At birth, the child had petechii and throm- 
bocytopenia (min. value 12,000/mm). After 


a couple of days, the child’s condition 


TABLE 1. Symptoms and occurrence of prematurity and deaths among 62 patients will 
congenital toxoplasmosis. 
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deteriorated, she had a high pitchec cn 
and developed generalized convulsio:s, 4 
bulging fontanelle and icterus. The chil 
bilateral uveitis and X-ray of the sku 
showed calcifications around the venti icles 
There was a marked anemia, bilirubi: emia 


had 


and gammaglobulinemia. The cerebro: pina 
fluid had a very high protein content aid in. 
creased level of bilirubin and a 
pleocytosis. Serological examination cf se 
rum revealed a DT of 1/1250 and CF! 
1/120. The titers in the mother were at that 
time DT 1/1250 and CFT 1/480. Ten month: 
later mother’s DT was 1/1250 and CFT | 12) 
Toxoplasma was isolated from cerebrospinal 
fluid collected on the ninth day of life. Th: 
urine was positive for protein but the sedi 
ment revealed nothing pathological. In sinear 
from the bone marrow, no megacariocyte 
were observed, but the morphology wa 
otherwise normal. The child’s  conditio: 
deteriorated in spite of treatment with sulfe 
merazin and aralen. He succumbed in tli 
sixth week of life. Post-mortem examinatio: 
showed very extensive encephalitis of thi 
type repeatedly described in congenite 
toxoplasmosis. 


In contrast to this fulminating type ( 
congenital toxoplasmosis, the followin: 
case histories of two identical twins mig’ 
be cited. 


Total Mental 
Symptoms number Prematures Dead Epilepsia reiarde 
Chorioretinitis 
Intracerebral calcifications 13 6 8 3 5 
Hydrocephalus 
Chorioretinitis \ 14 2 2 7 5 
Intracerebral calcifications f 
Chorioretinitis \ 4 
Hydrocephalus f ~ 
Chorioretinitis 20 2 — 4 j 
Without the above symptoms 10 1 = 7 
Total 62 11 12 21 26 
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TABLE 2. Clinical picture of congenital toxoplasmosis in the neonatal period. 


High 
Intrace- Enlarge- content of Toxo- 
rebral Hydro- ment of protein in Lung plasma 
Total Choriore- ealcifi-  cepha- liverand liq. cerebro- symp- organisms 

number tinitis cations lus spleen spin. toms found 
Surviving 5 5 5 3 1 
Dead 7 7 | 5 6 6 7 7 
Total 12 12 12 8 7 10 7 7 


TABLE 3. Condition at follow-up in 50 surviving patients with congenital toxoplasmosis. 


Number of patients with symptoms of 


Choriore- 
Fol- tinitis, Choriore- 
low-up epilepsia,  Choriore- tinitis, Epilepsia, Mental 
period, mental re- tinitis, mentalre- mental re- Chorio- retar- Nose- 
years tardation epilepsia tardation tardation [Epilepsia retinitis dation quelae 
<J — 1 — — = 
1-2 1 1 3 1 = 
3-4 — ] 1 5 2 3 + 1 
5-6 1 1 3 2 3 1 
7-8 1 1 1 1 
9 — 4 1 — 1 — — — 
Total 2 9 vi 9 4 9 10 2 


Sachs Children’s Hispital, nos. 270/49 
and 271/49. Boys, three years of age. 
Parents and two older siblings healthy. 
Pregnancy, delivery and neonatal period 
normal. Normal development. Strabismus 
observed at the age of six and twelve 
months respectively. Examinations showed 
chorioretinitic scars—the mirror-image of 
each other in the right and left eye respec- 
tivel.. Otherwise the findings were normal. 


X-rv » of the skulls were normal. The IQ 
was ‘| for both boys (not tested under opti- 
mal conditions). Serology: one boy DT 
110, the other DT = 1/200 and the mother 
DT 1/200. 


F ty patients were alive when last ex- 
‘d. Table 3 summarizes some of the 
gs at that time. It is probable that 
In ost cases the toxoplasmosis was 


healed, but the residual symptoms were 
often severe. The mental retardation ob- 
served in 30 patients was of moderate de- 
gree corresponding to that of children 
who can benefit from teaching in special 
schools (IQ ca. 50-70, sometimes up to 
80). Twenty-four children were reported 
as having convulsions, mostly of the grand 
mal type. Electroencephalography was 
done in five of these patients and showed 
evidence of grand mal epilepsy. The con- 
vulsive disorders seemed to respond to 
treatment in the usual way. At least 27 
children had scars after chorioretinitis, 
but in no case was the vision severely im- 
paired on both sides. Most children had a 
combination of several symptoms, which 
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increased their handicap. It is interesting, 
however, that two children had no residual 
symptoms and seemed normally developed. 

In none of the cases were symptoms of 
toxoplasmosis reported during the moth- 
er’s pregnancy. It should also be men- 
tioned that at least seven mothers have 
subsequently given birth to normal chil- 
dren who have had no signs of congenital 
toxoplasmosis. 


II. Acquired Toxoplasmosis 


In 17 patients 10 boys and 7 girls high 
antibody titers (DTS 1/1250, CFTS 
1/120) were considered to be due to ac- 
quired toxoplasmosis. Five of these chil- 
dren showed a clinical picture typical of 
toxoplasmosis, and in 12 the actual symp- 
toms were probably not caused by toxo- 
plasmosis which seems to have run a 
subclinical course in these cases. 

Five children were below five years of 
age. Their mothers had negative serologi- 
cal tests. The rest of the children were over 
six years of age and their high antibody 
titers made a diagnosis of congenital 
toxoplasmosis less probable (see below for 
discussion). A significant rise (more than 
four times) in the titers were observed in 
five cases. Toxoplasma was isolated from a 
lymph node in one case. 

Three girls and two boys, ages 6 to 13, 
had lymphadenopathy as the main symp- 
tom. The lymph nodes of the neck as well 
as in the axillae and/or groins were en- 
larged. The disease had a benign course. 
Three children had moderate fever for a 
couple of days and two were afebrile. A 
blood differential count showed relative 
lymphocytosis in four cases and eosinophi- 
lia of 5 % or more in three cases. The sedi- 
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mentation rate was 30 mm/I hour in «ne 
case, but below 15 mm/I hour in the 1 st. 
The bone marrow was examined in t vo 
cases and showed hyperplasia of the r:ti- 
culum cells and increased number of 
plasma cells and lymphoid cells. In two 
cases biopsy from an enlarged lymph node 
revealed a histopathological pattern tliat 
is often seen in toxoplasmosis, i.e. en- 
larged reticulum cells and increased num- 
ber of eosinophile cells and plasma cells. 


K.B., girl born on Sept. 24, 1947, was well 
until August, 1957, when she became acutely 
ill with fever, cough and rhinitis (Fig. 4). 
Afebrile after four days. Ten days later she 
saw a yellow spot before her left eye and the 
vision was impaired. An ophthalmologist 
(Huggert) found an acute chorioretinitis in 
the left eye. The patient was admitted to a 
pediatric clinic, where she presented enlarged 
lymph nodes in the neck and the axillae. 
Histopathological examination of an ex- 
cised lymph node showed evidence of a 
slight chronic infection and toxoplasima 
were isolated from the lymph node. She had 
no anemia but a differential count showed 
a slight eosinophilia (8%). X-ray of the 
lungs and skull revealed normal findings. 
ECG and EKG were normal. Smears from the 
bone marrow revealed a hyperplastic reti- 
culum and plasma cells were numerous. 
Serology: one month after onset of symp- 
toms DT was 1/250, CFT 1/60 and one 
month later DT was 1/1250 and CFT 1/120. 
The mother had negative serological tes's. 


This case is of special interest becavse 
she developed chorioretinitis. Despite t 1¢ 
great interest in the investigation of 
toxoplasmic eye disease that has bc n 
shown in different parts of the world ‘or 
years, only a few cases are known wh. re 
uveitis was a symptom of clinically e- 
cognized acute acquired toxoplasm: ‘is 
(6, 9, 10, 11, 19). In this case, as in « 1¢ 
published by Kayhoe and coworkers (! }), 
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Fever, signs of | | Choriore- 
upper resp.inf.| | tinitis, left DT: 1/250 
3-6.8 eye CFT: 1/60 
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Hospital admission. 
Generalized lymphadeno- 
pathy discovered. 


DT: 1/1250 
CFT: 1/120 


Toxoplasma isolated, 
axillary gland 


1957 31.7 7.8 


Fig. 4. 


11.9 


| 
18.9 25.9 


2.10 9.10 16.10 23.10 30.10 


Acquired toxoplasmosis in 10-year-old girl with chorioretinitis and lymphadenopathy. 


Maternal DT and CFT negative. 


parasites were isolated from other areas 
of the patient. It therefore appears likely 
that the eye lesion was the result of ocular 
infection with toxoplasma. 


In an eight-year-old boy admitted to a 
department of child psychiatry, a routine 
serological investigation revealed rising titers 
against toxoplasma (DT rose from 1/250 to 
1/6250, CFT from 1/60 to 1/480). The boy 
was afebrile and had rectal bleeding. Blood 
examination showed anemia, elevated gam- 
ma-globulin and slight eosinophilia (9%) 
and smears from the bone marrow reticulum- 
hyperplasia and increased number of eo- 
sinophile cells and plasma cells. Lumbar 
puncture and eye examinations revealed 
normal findings. Obviously this was a case 
of acute subclinical toxoplasmosis that was 
diagnosed occasionally. 


In eleven other children between 3 and 
14 years of age, high antibody titers were 
found. The children had symptoms which 


seer not to have been caused by toxo- 


pla: ‘nosis. Two cases are of special in- 
ter: t because the symptomatology was in 
son» respects like that in toxoplasmosis. 

‘| vo seven-year-old boys had lymphade- 
nop thy and both had DT 1/1250 and CFT 
11: \, They were first classified as cases of 
acq red toxoplasmosis. In one of the boys 
al. .ph node was removed which revealed 
evic 


nce of tuberculosis. This diagnosis was 


verified by a guinea pig inoculation. In the 
other boy, who, in addition to the lympha- 
denopathy, had fever, leucocytosis and en- 
larged spleen, the Paul—Bunnell test was 


positive, indicating an infectious mono- 


nucleosis. 


In the last 12 cases the high antibody 
titers against toxoplasmosis indicate an 
acute or recently subsided toxoplasmotic 
infection, obviously of subclinical nature. 
The cases demonstrate that care must be 
taken when correlating high titers, to any 
clinical symptoms that may be present 


III. Cases Uncertain if Congenital or 
Acquired 


High antibody levels were demonstrated 
in four patients in whom it was impossible 
to decide if the infection was congenital or 
acquired. Two children were four years 
old, the others six and eight respectively. 
The mothers had slightly elevated anti- 
body titers. Two of these children had 
convulsive disorders, one showed a slow 
speech development. The last had strabis- 
mus and a behavior disorder, probably of 
psychogenic origin. None of these patients 
had hydrocephalus, intracerebral calcifica- 
tions or signs of chorioretinitis. 
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Discussion 


The diagnostic criteria in toxoplasmosis 
have been widely discussed (8, 9, 13, 16). 
As in all infectious diseases, the laboratory 
diagnosis should be based on the demon- 
stration of the organism and a specific 
antibody response. The isolation of toxo- 
plasma is, however, difficult. Material has 
to be obtained through biopsy (preferably 
from spinal fluid or involved lymph 
nodes). In direct smear or histopathological 
preparations it might be impossible to 
differentiate toxoplasma from other para- 
sites. To isolate toxoplasma, inoculation 
of mice is primarily used. It should be 
kept in mind that human strains are not 
always pathogenic to mice. However, 
specific antibodies always develop in the 
mice. 

It is thus often necessary to base a 
diagnosis on the results of clinical and 
serological investigations alone. The clini- 
cal picture is not pathognomonic, as, e.g. 
‘inclusion body disease’’, may present the 
same clinical pattern as congenital toxo- 
plasmosis (13) and mononucleosis some- 
times cannot clinically he differentiated 
from toxoplasmic lymphadenopathy (1, 
8, 18). 

The specificity of the serological reac- 
tions seems beyond doubt after the vivid 
discussion of recent years (2, 9). In new- 
borns, elevated antibody titers which 
are not passively transferred suggest a 
congenital infection. If the children are 
not examined until later in life, it is of- 
ten difficult to know whether the disease 
was pre- or postnatal. In congenital toxo- 
plasmosis, the mothers show elevated 
antibody levels for many years or even 
decades. If the mother is negative, the in- 
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fection in the child is probably acquired. 


If she is positive the child can have eitlier 


a congenital or an acquired disease. In 
differentiating between these two con:li- 
tions attention should be given to the 
time of onset of symptoms, as the saine 
symptom can be present in both types 
(chorioretinitis and meningoencephalitis). 

Significantly increasing antibody titers 
suggest actual infection. It is more dif- 
ficult to evaluate unchanged high titers. 
The titers in the DT usually decrease 
within 6-7 months after an acquired in- 
fection, but cases with titers remaining 
high and unchanged for years have been 
observed (8). In cases of unchanged high 


titers the diagnosis of an actual infection. 


can be established only when there is a 
typical clinical picture with, e.g. lymphad- 
enopathy and typical changes in the 
blood and/or bone marrow and lymph 
nodes or when the parasite can be isolated 
from infected material. 

Unfortunately there is no standardized 
procedure for serological investigations in 
toxoplasmosis and the antigens used seem 
to vary considerably (6). The titer values 
in this series are rather high compared 
with those of most other investigators. 
This is especially true of the titers in the 
CFT, as earlier discussed by one of us ‘6). 
In individual cases, the titers in DT often 
are more constantly elevated and higher 
than those in CFT, which correspond: to 
earlier findings. This is, however, not 1:ue 
in some cases where the titers in CFT are 
higher than those in DT. 

Our findings in congenital toxoplasn )sis 
(Tables 1 and 2) resemble those in ea lier 
series (4, 8, 9, 20). Cases with neor ital 
disease usually run a severe and « tell 


fatal course (Table 2). In children ho 
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developed symptoms later, the most com- 
}mor: was chorioretinitis, but this was not 
present in all cases. The frequency of 
various symptoms is somewhat lower in 
this than in earlier series. We have in this 
study some mild cases also and two 
without residual symptoms. Such mild 
cases have earlier been reported (7) and 
might be more common than hitherto 
believed. We do not know why the clinical 
course was benign in these cases and can 
only speculate on the role of the infectious 
pose, the virulence of the infecting organ- 
ism and the protecting role of the trans- 
ferred antibodies from mother to fetus. 

In our patients with acquired toxo- 
plasmosis two facts were of interest. 
Thus in an eight-year-old girl with ob- 
viously acquired toxoplasmosis uveitis 
was the dominating symptom. Further, 
ll of 17 cases of acquired toxoplasmosis 
had a subclinical course which indicates 
that subclinical acquired toxoplasmosis is 
common in children as well as in adults. 

As yet, no mother had two successive 
children with congenital toxoplasmosis. 
Thus there is no need to advise against 
further pregnancies as soon as there are 
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no clinical signs of toxoplasmosis in the 
mothers and when the titers have begun 
to decrease. 


Summary 


A report is given of 83 cases of toxo- 
plasmosis in childhood. The series repre- 
sents most cases diagnosed in Sweden 
during the period 1951 to 1959. The diag- 
nostic criteria and the differential diagno- 
sis between congenital and acquired forms 
of the disease are discussed. Sixty-two 
patients were considered to have the con- 
genital disease and 17 the acquired. In four 
patients it was impossible to determine if 
the disease was congenital or acquired. 
The series of congenital cases comprises 
some with none or very few symptoms, 
and normal development. Acquired toxo- 
plasmosis in childhood seems to give the 
same clinical symptoms as in adults. The 
most common symptom is lymphadenopa- 
thy, with or without fever. One patient 
had acute chorioretinitis. The disease often 
runs a mild course and subclinical infec- 
tions are probably not uncommon in 
childhood. 
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SUMMARY OF SUPPLEMENT 


Klectrocardiographic interval measure- 
ments in the three standard limb leads 
were made on 4993 tracings taken serially 
from 214 healthy children from one month 
of age to their present ages as part of the 
study of human growth and development 
of the Child Research Council. Group 
standards were computed for P-R, Q-S, 
and Q-T interval duration in the three 
standard limb leads and for pulse rate and 
Q-Tc in lead II. Individual subjects were 
presented against the group background 
to demonstrate developmental changes in 
healthy subjects from infancy to maturity. 
) Characteristic patterns of stability and 
instability were discussed together with 
their clinical applications. The following 
conclusions were drawn: 

1. Pulse rate is a very unstable measure- 
ment during at least the first two years of 
life. becoming more stable after that but 
still showing both short-term and long- 


tern) fluctuations without obvious cause. 
2 The P-R interval is a very stable meas- 
1vent within the group range for any 
idual in health. 

3 Changes in the P-R duration of more 
(0.02 second on records from the same 
idual within any one year were not 
in the absence of illness or obvious 
ge in pacemaker. 

20— 1173113 Acta Paediatrica Vol. 50 


A Longitudinal Study of Electrocardiographic Intervals in 
Healthy Children 


by ROBERT W. McCAMMON 


(Supplement 126) 


4. Changes in the duration of the P-R 
interval which occur in the absence of 
disease are usually confined to one lead, 
while those associated with cardiac ab- 
normality occur simultaneously in all 
three leads to approximately the same 
degree. 

5. No linear relationship could be demon- 
strated between P-R duration and pulse 
rate either for the individual or in the 
group data. A highly significant U-shaped 
dependence was found between P-R dura- 
tion and pulse rate for the group data. It 
was speculated that this dependency re- 
sulted from some factor or factors not 
measured. 

6. No relationship could be found be- 
tween the duration of the P—-R interval and 
heart size at a single age or between P-R 
duration and changes in heart size with 
body growth. 

7. Group data for the Q-S interval dura- 
tion strongly suggest that the duration of 
this interval is related to physical size and 
therefore to heart size, though conformity 
to a pattern corresponding to established 
anatomic growth curves is not universal. 

8. The frequent occurrence of Q-S 
durations in excess of 0.10 second after 
12 years of age makes this an unacceptable 
upper limit of normal duration. 


314 


9. The Q-T interval shows partial de- 
pendence on the pulse rate both for the 
group data and within the individual, but 
this is not uniform or predictable. 

10. The corrected Q-T interval, using 
the square root ratio of Taran, shows as 
wide a range for the group data as is found 
for the uncorrected Q-T. 

11. Individuals in health characteristi- 
cally fluctuate widely through the group 
range for both the Q-T interval and for 
the corrected Q-T interval. 


SUMMARY OF SUPPLEMENT 


12. The range for the corrected Q-T 
interval duration extends upward ar 
enough so that a minimum of 25 % of ‘he 
data falls above the previously publisl ed 
upper limits of normal. 

13. The equation used for correcting ‘he 
Q-T duration for pulse is inadequate for 
very fast or very slow pulses. 

14. There is a temporary rise in Q-T 
duration between the ages of 18 and 22 
years which occurs in most if not all sub- 
jects independent of rate changes. 
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Trevor P. Mann: Neonatal cold injury due 
to accidental exposure to cold 


In Great Britain neonatal coid injury is a 
not uncommon disorder with a high morta- 
lity. In Brighton in the last six years or so 
16 examples have been admitted to the 
Children’s Hospital and no less than eight 
have died. Cases generally arise after home 
confinements in winter when outside air 
temperatures fall below freezing point. An 
unknown but appreciable number of newly- 
born babies die in this way each year. This 
waste of life, which is almost entirely preven- 
table, is now receiving considerable attention. 
The nature of the disorder frequently goes 
unrecognised, the predominant aetiological 
role of exposure to cold being overlooked. 
The condition may be incorrectly labelled 
sclerema neonatorum or haemorrhagic pneu- 
monia, to mention two recurring misdiagno- 
ses. Increasing apathy and food refusal are 
the most constant presenting features, but 
the infant does not look ill. In a number of 
cases coldness to touch has been noted for 
several days by the mother, but she may 
have difficulty in arousing the interest of 
her medical attendants in this important 
physical sign. In none of the series has the 
severity of the hypothermia been realised 
before admission. Oliguria is a frequent ac- 
ccmpaniment. Constant clinical findings 
are severe hypothermia (all cases below 
32°C on admission; three less than 27°C), 
oedema of the extremities and striking skin 
erythema, the latter largely contributing to 
the misleading appearance of well-being. 
A purulent nasal discharge occurs commonly 
bi t sometimes not until rewarming is under 
wy. The predominance of male infants in this 


series is striking (12 of 16 cases, males). 
Prematurity is not important, there being 
only three small babies with birth weights 
of 53 pounds or less amongst the 16 cold 
babies. Twelve of the 16 cases were admitted 
in January, February and March, generally 
the coldest months of the year. A noticeable 
feature is that the occurrence of cases gene- 
rally coincides with spells of severe weather 
when minimum air temperatures fall below 
freezing point. Social conditions are not 
always bad; a comfortable and well-provided 
home may still be cold in winter, especially 
at night-time. Predisposing factors include 
asphyxia at birth, birth injury and infection. 
Food refusal and bathing in a cold en- 
vironment play a contributing role in a 
frigid home. A prognosis is usually possible 
within a few hours of commencing re- 
warming and these are all considered omi- 
nous signs: apnoeic attacks, persisting olig- 
uria, hardening of oedema and _ bleeding 
from the mouth and nose, the latter usually 
being accounted for by pulmonary haemorr- 
hage. 

A post-mortem examination was carried 
out on the fatal cases. There were no speci- 
fic features to relate an infant’s death to 
cold injury. If at necropsy massive pulmo- 
nary haemorrhage, mild ascites and oedema 
of the extremities are found, then a careful 
scrutiny of clinical data is desirable for fea- 
tures suggestive of cold injury, especially 
during the winter months. 

The best method of treatment is still 
undecided. Therapy may be considered 
under three headings. 

Re-warming. The majority of cases fall 
into the chronic or prolonged group (hypo- 
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thermia for over six hours), for which slow just defined, 15% glucose by the intr.- sg}! 
or passive rewarming is favoured. This is gastric is being tried. i.7 
best carried out by obviating heat loss and Drugs. As an infective process may ve [| sev 
allowing the infant to warm up through the — difficult to recognize initially and as septic tan 
processes uf metabolism. manifestations often appear during resus- | gli 
Feeding. One of the first effects of re- citation, antibiotic therapy should be given | m« 
warming is to accelerate metabolism and to — early. Cortico-steroid treatment is advocat»d sick 
increase demands for glucose. Profound by some workers, but the rationale is not one 
hypoglycaemia, if not present initially, may understood. Antibiotic cover is imperative if | pla 
be precipitated if nourishment is withheld. this hormone is used. whi 
Where the hypothermia is prolonged, as int 
sha 
Meeting Dec. 2, 1960 ‘ou 
Karl-Magnus Herrlin: Frequency and prog- two of the tests from each child could be | inti 
nosis in flexor spasms of infancy used for evaluation (in ten cases all three). inje 
: : ; . The results regarding cells and protein are | Abs 
At shown in the following table. Cell content | qe 
during ine fon: your period, A9G0-1959, 603 was not correlated to the birth weight, while the 
children (390 boys, 303 girls) under the age protein was negatively ee outs 
of four years ‘were examined because of relation was shown between the bilirubin in | 5wé 
epilepsy. the serum and that in the spinal fluid. Nor inci 
girls) between the general condition and the level 
krimpto < on bilirubin, content of cells or protein. I 
of 693 ‘children, 200 had ‘ot The highest value noted for the bilirubin was in \ 
seizures before one year of age, 45 of whom 19 mg %. trip 
(15.5%) had flexor spasms. Of all the 48 ie 
infants with flexor spasms, 19 (40%) have K, Rabo: Triple vaccination, methods and | go, 
died, 21 (44%) are severely mentally retard- secondary effects sien 
ed and 8 (16%) are moderately retarded. 
The case material will be published. The most suitable area for a subcutaneous — 
injection has been investigated in several ject 
xroups of 200 children who received their cuté 
A. first second injections in two different the 
brospinal fluid in premature infants sites. The mother’s opinion as to which in- | %°™ 
Studies of the cerebrospinal fluid with jection caused the child and the mother the inje 
regard to cells, protein and bilirubin were most trouble, and anxiety has been evaluated. | ™#! 
performed in thirty-six prematures. The The majority of mothers regard the second chil 
babies’ general condition, their hemoglobin, injection as causing more trouble than the 97.8 
red and white blood cells, serum protein and first one. This source of error was avoid:d Moi 
serum bilirubin were also followed. Lumbar _ by alternating the site of the first injection | ? 
punctures were generally made on the third, in every other child. The best site of injvc- loc 
eleventh and thirty-ninth days of life (I, II tion was the pectoral region. If the incider e firs 
and III respectively in the table). The mean — of complaints is put at 1.0 for injections ov er 17 
birth weight was 2012 g. On the average, the pectoralis muscle, it is 4.2 in the sup a- . 
n | 
I no. = 21 II no. = 28 III no. = 23 _ 
Puncture Cells/3 mm*  Protein/mg% Cells/3 mm* Protein/mg% Cells/3 mm* Protein m; % po 
0.7 
Mean 27 150 20 110 17 86 0.8 
Median 22 149 15 99 2 76 fol 
Spread 4-112 57-292 3-56 74-189 2-70 55-166 he 
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sj inatus fossa, 2.6 in the deltoid region and 
1.; in the gluteal region, which thus is the 
second best spot of injection. The subcu- 
taneous and intramuscular injections in the 
gliteal area were compared in one experi- 
ment. Intramuscular injections caused con- 
siderably more trouble than subcutaneous 
ones. Thus, 49 of 200 children had no com- 
plaints after the subcutaneous injection, 
while only eight had no trouble following the 
intramuscular injection. In a smaller series, 
shallow and deep subcutaneous injections 
were compared. After 4-6 weeks, a palpable 
infiltrate was noted in 40% of the shallow 
injections but only 3% of the deep ones. 
Abscess formation was 10 times more fre- 
quent after the shallow injection, which 
therefore ought to be avoided. Finally sub- 
cutaneous injections of Cutter vaccine and 
Swedish triple vaccine were compared. The 
incidence of complaints was equal. 


Discussion: H. O. Mossberg: The mothers 
in Vastervik were somewhat hesitant about 
triple vaccination in 1956 when the well-baby 
clinic was started in the hospital there. 
Some unusually strong local and general 
reactions to the ordinary dose of 1 ml of vac- 
cine were observed. Since 1958, a first in- 
jection of 0.7 ml has been given (deep sub- 
cutaneously supra spinam), the second and 
the third injections have been with 1 ml, or 
somewhat less, if the reaction to the previous 
injection had been too strong. The case 
material comprises slightly more than 300 
children. Two injections have been given to 
97.3% of the children, and three to 93.5%. 
Moderate reactions (i.e. 38°C for 
2-} days) possibly some sluggishness and 
loc:| tenderness were observed after the 
firs’ injection in 4%, after the second in 
17.°% (78% injected with 1 ml) and after 
the third injection in only 5% (73% given 
ln 1). Total frequency of moderate reactions 
wa 8.9%, which is higher than earlier re- 
po: ed in any Swedish series. A dose of 0.5— 
9.7 ml has given local abscess formation in 
9.6 4 compared with a frequency of 2.4% 
fol wing the dose 0.8-1 ml. Of the indi- 
vic 1als with slight general reactions 1.3% 


fever 
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developed abscesses, but 7.1% of those with 
moderate reactions later had abscess forma- 
tions. It is probable that these doses convey 
somewhat lower immunity than full doses 
but the lower frequency of side effects might 
favour my approach. 


B. Eckerberg: A case of prenatal mycosis 


The patient, an infant girl, six weeks pre- 
mature, weighing 2800 g, was born after a 
normal delivery. On the second day of life 
she developed convulsions and on the fourth 
day diarrhea. On admission to the pediatric 
ward the sixth day, she was sluggish, micro- 
cephalic, and had a fluctuating tumor in the 
neck, the size of a walnut. Puncture of the 
tumor revealed pus from which E. coli were 
cultured. The patient later developed pro- 
fuse diarrhea, vomiting and convulsions and 
died on the 25th day of life. On post-mortem 
examination a cystic abscess was found con- 
nected to the esophagus and containing 
fungus and bacteria. Intracerebral calci- 
fications were seen in the atrophic brain 
parenchyma, especially around the ventri- 
cles. Fungus colonies with appearance of 
Candida albicans were also demonstrated in 
the periphery of these calcifications. No 
fungi were found in other organs. This is 
probably a case of early prenatal infection 
with Candida albicans. It probably started 
as an esophagitis with abcess formation and 
later hematogenous spread to the brain. 
This case is analogous to one described by 
Burry in 1957 (Arch Dis Child 32: 161). 
C. Lingen, B. Wengle and H. Bostrém: 
Metabolic screening of urine for inborn er- 
rors of metabolism in a pediatric material 

During the last year, a series of simple 
chemical reactions and paper chromato- 
graphic methods have been applied to urine 
specimens from all patients (1500) of the 
pediatric department of Karolinskasjukhuset, 
Stockholm. Only two cases of “inborn errors 
of metabolism’? were found; one case of 
porphyria and one of cystinuria. This agrees 
well with the expected low incidence of these 
disorders. Some interesting facts about the 
excretion of hydroxyproline and of ethanol- 
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amine together with beta-aminoisobutyric 
acid combined with lactosuria were observed. 
Thus an increased excretion of the aminoacid 
hydroxyproline was found in 50% of cases 
with hyperbilirubinemia not associated with 
immunological factors. Patients with hyper- 
bilirubinemia caused by blood-group_ in- 
compatibility (Rh or ABO) did not seem to 
excrete pathological amounts of hydroxy- 
proline. 


Symposium on poisoning 


Introduction.—Bengt Karlsson: Poisoning 
cases of current interest 


During 1960 a Poison Control Center was 
established at the pediatric clinic, Karolinska 
sjukhuset, Stockholm. Although the center 
has functioned primarily as an information 
center it 
research and treatment. The cases presented 


is also concerned with education, 


here have been selected to illustrate poison- 
ing problems which have been referred to 
the center. 


Bengt Karlsson: Saffron poisoning 


An 18 year old woman was admitted to 
the Visby hospital 15 hours after she had 
started to complain of abdominal pain with 
diarrhea and vomiting. She was in poor con- 
dition with icteric skin and sclerae and with 
cyanotic lips. Blood pressure was 160/110; 
120. The distended 
and there was a marked tenderness under 
the right costal margin. Laboratory findings 
included Hbg 40%, Rbe 1.5 million, Whe 
20,800, hematuria. The patient became anuric 
and later she became unconscious but before 


pulse abdomen was 


that confessed that the evening before ad- 
mission she had eaten saffron because of a 
suspected pregnancy. She died a few hours 
after admission. Post mortem examination 


revealed generalised icterus, pronounced 
pulmonary edema and swelling of the pa- 
renchymatous organs. The histopathology 
showed pronounced renal tubular damage. 
Saffron has been used for many years as an 
abortion provoking agent. The lethal dosage 


is said to vary between 3 and 12 g. 
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C. Thorén: Poisoning by furniture polish 


A 14 year old boy drank an unknov n 
quantity of furniture polish. Half an hour 
later, the boy vomited and the mother 
provoked further vomiting. He later becarne 
sluggish, hypotonic, and tachypneic. When 
he arrived at Kronprinsessan Lovisas Chil- 
dren’s Hospital 1} hours after the ingestion, 
he was unconscious, pale, cyanotic and 
pulseless. He was immediately put in the 
respirator, but the cyanosis persisted in spite 
of adequate ventilation. ECG showed a 
shifting pace-maker, ventricular extra sys- 
toles, and progressive increasing lowering of 
ST-T segments as in severe myocardial ische- 
mia. Later bradycardia developed which 
changed into ventricular fibrillation following 
which the patient died. Post-mortem exami- 
nation revealed signs of moderate amount 
of aspiration of small hemorrages in the 
bronchi. Routine chemical analysis for poison 
in the stomach contents, the blood and 
various organs was negative. 

Two-thirds of all the many different 
furniture polishes contain 25-75% vanolen, 
a petroleum derivative resembling kerosene. 
In this case, it contained 17% vanolen, 3°% 
xylol, 30% spider oil, 1% risinice oil, 2—-3% 
aromatic oils and water. 

The polish was tested for toxicity at the 
State Pharmacological Laboratory. It was 
atoxic to mice when given orally in dosages 
up to 18 ml/kg body weight. Inhalation of 
pure vanolen and the actual polish by mice 
and guinea-pigs in ‘“‘mist chambers” did not 
cause any lung lesions. 

Injection of kerosene in the trachea h.s, 
however, been shown to cause death ir a 
couple of minutes through hemorrhe zic 
edema and membrane formation in the | ng 
alveoli. Pneumonia after kerosene intox :a- 
tion has been known for a long time and as 
been demonstrated by X-ray examina‘ on 
after one hour. Aspiration of kerosene in 
animals and men has been shown to Cé ise 
lung lesions. In text-books the provokin of 
vomiting and the use of emetics after <e- 
ingestion is emphatically wai 

Stomach lavage should be « ne 


rosene 
against. 


pet 

eat 
wa 
slo. 
hy] 
fle: 
an 
wa 
ed 

ne? 
to 
siu 
sy! 
the 
cor 
wh 


|| 
Ori 
ho: 
poi 
tio! 
che 
boz 
chi 
S. 
B. 
gir 
int 
ms 
ad 
Uj 
Sig 
les 
th 
dk 
m 
St 
il 
a 
0 


lish 


no. n 
hour 
other 
carne 
When 
Chil- 
Stion, 
and 
1 the 
spite 
ed a 
SYs- 
ng of 
sche- 
vhich 
cami- 
ount 
the 
bison 
and 


erent 
olen, 
sene. 
, 3% 


‘ 
3% 


> the 

was 
ages 
of 
mice 
| not 


has, 


PROCEEDINGS OF PEDIATRIC SOCIETIES 


oniy after intubation. Olive oil can be given 
orally to decrease the resorption. 

Propaganda for proper storage in the 
home of all cleaning fluids is the most im- 
portant factor as the campaign for “‘protec- 
tion seals’’ has been unsuccessful. The kit- 
chen should be furnished with special cup- 
boards which are out of reach of small 
children. 


S. P. Fallstrém: Jetex 


A 2} year old boy was brought to the 
pediatric clinic of Gothenburg one hour after 
eating one or two “Jetex’’ tablets. On the 
way to the hospital he had general convul- 
sions. On admission he was unconscious, 
hypertonic and had increased tendon re- 
flexes. Respiration was shallow and slow, 
and respiratory arrest soon developed. He 
was treated symptomatically, and he breath- 
ed spontaneously after three hours. The 
next day he was completely asymptomatic. 
“Jetex’’ tablets are used for combustion in 
toy motors and contain about 0.75 g potas- 
sium bichromate. This, however, gives other 
symptoms of intoxication than those which 
the boy presented. The tablets also contain a 
combustible substance of unknown nature 
which probably caused the intoxication. 


B. Vahlquist: Pica of matches 


My case is rather unusual. A 14-year-old 
girl had been consuming match heads in 
increasing quantities over a period of several 
months—in the end several boxes a day. On 
admission to the Department of Pediatrics, 
Uppsala (record no. 184/60), she showed 
signs of grave anemia, with a hemoglobin 
level of 5.8 g per 100 ml, a red-cell count of 
2.! million, and a colour index of 0.9. Clearly, 
there was a combination of severe iron 
d« ficiency (serum iron 8 gamma%, bone- 
m irrow iron extremely low) and potassium 
cl orate poisoning. After the patient had 
st »pped eating match heads and had received 
ir n therapy, the red-cell count rapidly rose 
a 1d the hemoglobin level slowly improved, 
w th the result that the colour index fell to 
0 ‘, a value typical of simple iron-deficiency 
a emia. Six months after the discontinua- 
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tion of iron therapy, the symptoms of pica 
began to appear again. Examination dis- 
closed recurrence of the anemia, this time 
with a picture of simple iron deficiency. A 
box of Swedish matches contains 0.3-0.5 g 
KCIO,, and in addition small quantities of 
K,CrO,, KMnO,, sulphur, and glue. Moesch- 
lin gives the acute toxic dose of KCIO, for 
adults as 5-10 g. The daily consumption of 
up to 0.5 g or more for several months might 
well produce serious toxic effects. Iron- 
deficiency anaemia is a common cause of 
pica. It should always be exluced first in 
older children and adults, since other causes 
(apart from pregnancy!) are less common. In 
young children pica involving a variety of 
substances may almost be regarded as a 
normal phenomenon during a certain stage 
of development. 


R. Tunell and B. Persson: Chronic vitamin 
A intoxication in infants 


About 40 cases of chronic vitamin A 
intoxication in infants, children and adults 
are reported in the literature. The dosages 
have in general been high (150,000—500,000 
[U/day) and the duration of overdosage long 
(at least 4 year with few exceptions). For 
these reasons a report is given of three in- 
fants, each of whom received vitamin A 
22,000 [U/day during a period of 1-3 months 
with symptoms of vitamin A intoxication. 
Symptoms and signs: History of sudden 
onset of hyperirritability, tenderness and 
edema in the occipital region, signs of in- 
creased intracranial pressure (diastasis of 
the sutures, bulging fontanel, sunset sign) 
and a pronounced craniotabes were present 
in all three infants. All had an infection. Two 
of the infants had typical desquamation of 
the skin on the palms and soles. One infant 
had hypertonia. Laboratory data: Two cases 
had anemia, 2 cases had high values of alka- 
line phosphatase. All three infants had typical 
X-ray changes of rickets, none had cortical 
hyperostosis. All had normal liquor. Fasting 
vitamin A blood levels were obtained 3 days 
after vitamin A had been discontinued in one 
infant and 30 days aiter discontinuation 
in another. These values were 759 IU/100 
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ml and 410 IU/100 ml serum respectively. 
The upper limit of normal is 180 IU/100 ml. 
This examination was not performed in the 
third case. Dose and duration: All received 
22,000 IU/day as 30 drops of ‘‘AD-vimin 
Astra’, 1 month in one case and for 3 
months in the other two. In 2 cases the dose 
had been prescribed by a physician for treat- 
ment of craniotabes, the overdosage in the 
third child was the result of carelessness by 
the mother. Course: All symptoms disap- 
peared when the vitamins were discontinued. 
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Comments: The manifestations of vitan in 
A intoxication in this age-group are char: c- 
teristic except for the X-ray evidence of 
rickets which has not been previously repo:'t- 
ed in man. However, rickets has repeatecily 
been induced in animal experiments and is 
said to depend on antagonism between vi.a- 
min A and D. The importance of care in 
prophylactic treatment of infants with 
water-soluble preparations of vitamin A is 
stressed. 


Meeting Dec. 3, 1960 


Guest lecture by R. Debré, Paris: Quelques 
études sur le sommeil de l’enfant et ses 
troubles 


Symposium: Swedish help to children in 
economically underdeveloped countries. Moder- 


ator: A.Wallgren. Participants: M. Levinson, 
S. Heppling, G. Herlitz, G. von Sydow and 
B. Strindberg. Discussion: J. Asplund and 
M. von Malmborg. (Will be published else- 
where.) 


Meeting Jan. 13, 1961 


Jens Bergstedt: Does Xantocid have any ef- 
fect on the streptococcal flora in the throat? 


During the spring of 1960 at Stockholm’s 
Hospital for Infectious Diseases, a clinical 
investigation was done to 
determine the effect of the preparation 
Xantocid on the f-hemolytic streptococcal 
flora in the throat. Xantocid is composed of 
Xantocillin and Thyrotricin, in the form of 
a lozenge, one administered every hour or 


bacteriological 


every 2 hours. Our case material consisted 
of 38 children between the ages of 3-15 
years who had been admitted to the scarlet 
fever ward. Bacterial cultures for streptococ- 
ci as well as general flora were made from 
throat swabs taken on admisssion and every 
morning. Four to seven lozenges were given 
for 3—5 days. 

Of 22 patients with uncomplicated scar- 
latina, 17 had hemolytic streptococci (+ +) 
on admission, while 21 had _ streptococci 
(+ +) after Xantocid therapy. Of 12 patients 
with scarlatina and impetigo or with lymph- 
adenitis, 10 had streptococci (+ +) on 
admission and 9 after therapy. One patient 


became bacteria free, but pharyngitis re- 
mained and he was subfebrile. Of 4 patients 
with the diagnosis desquamation of scarlet 
scarlatina or streptococcangina, 2 
+) on ad- 


fever, 
had hemolytic streptococci (+ 
mission and 4 (+ +) after Xantocid therapy. 
The chances of finding B-hemolytic strepto- 
cocci in the throat are greater in the morning, 
so that any substantial increase of the bac- 
terial flora is not likely. 

Of all 38 patients, 13 (one-third) had signs 
of infection remaining after Xantocid ther- 
apy. One developed otitis media and avi- 
other streptococcal vulvovaginitis during 
this therapy. 

This investigation shows that Xantox id 
does not appear to affect an abundent 
streptococcal flora in the throat. One can ot 
expect it to be an effective weapon agai st 
the spread of f-hemolytic streptococci 1. 
for example, schools or closed institutio: s, 
as the manufacturer presumes. It is ti le 
that a scarlet fever ward is an environm: it 
rich in bacteria, but so is the classroom a :d 
the family milieu. 
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B. Ursing: Immune-electrophoresis of the 
spinal fluid in cases of infections of the 
central nervous system and of polyradi- 
culitis 

{3y means of immune-electrophoresis, the 
spinal fluid has been studied from 19 cases 
of parotitis meningitis, as well as 17 cases of 
viral meningitis of unestablished etiology, 
5 cases of bacterial meningitis and 5 cases of 
polyradiculitis. This report concerns the oc- 
currence of pronounced @,-macroglobulin, 
B,-lipoprotein, fibrinogen, transferrin of the 
serum type, B,M- and f,A-globulin, as an 
expression of pathological protein patterns. 

Two cases of parotitis meningitis and 4 of 
the cases of viral meningitis had normal 
spinal fluids. No case of bacterial meningitis 
or polyradiculitis had normal spinal proteins. 
Instead these showed the most pathological 
picture of all CNS diseases. 6,A-globulin was 
the commonest pathological fraction in 
parotitis meningitis and f,-lipoprotein in the 
other viral meningitides. In bacterial me- 
ningitis and polyradiculitis, nearly all the 
above-named substances were present. Fibri- 
nogen could be demonstrated in the spinal 
fluid when the protein level was 27 mg%. 
Transferrin of the serum type was un- 
questionably commonest in bacterial me- 
ningitis and polyradiculitis. The spinal fluid 
was most pathological at the peak of the 
disease, after which a relatively parallel 
restitution occurred. The pathologic frac- 
tions are not thought to have any impor- 
tance in regard to the development of post- 
enccphalitie symptoms. In bacterial me- 
ningitis and polyradiculitis, the spinal fluid 
changes sometimes persist after the patient 
has recovered. 


B. “halme, I. Jungner and B. Aberg: The 
of the ultramicromethod in a clinical 
cheiical laboratory 


use 


Te analysis of chloride, calcium, phos- 


phe us, urea and total proteins in blood 
seri n has been carried out using Beckman/ 
Spi: modification of the ultra-micro- 
tecl ique of Sanz. The colorimetric methods 
can >t at present be entirely evaluated as 
the manufacturer has not been able to 
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deliver the “‘micromixer”’ part of the equip- 
ment. The titration methods give satisfac- 
tory accuracy for practical clinical work, 
but are not as precise as the corresponding 
macromethods. The authors would like to 
stress that it is necessary that the personnel 
who work with this technique be extremely 
well trained. The method’s greatest advan- 
tages are that it saves space and glassware, 
and that material consumption is, above all, 
especially low. Therefore, this method ought 
to have a definite place in pediatric practice, 
as well as in work with experimental ani- 
mals, rats, mice and so forth. 


A, Espmark and E. Rabo: Smallpox vac- 
cination during the first trimester of life: 
Percentage of positive reactions in relation 
to vaccine strength 

In Svenska Lakartidn 56: 82, 1959, Rabo 
has given an account of the percentage of 
positive reactions and advantages of vac- 
cination during the first months of life. 
In a new investigation more than 300 chil- 
dren have been vaccinated, partly with un- 
diluted vaccine and partly with vaccine 
dilutions down to 1/316. The “‘takes”’ with 
different vaccine titers vary from 2 to 100%, 
and appear to follow a normal distribution 
curve. A group of children, 5-12 months of 
age, have been vaccinated with the same 
vaccine dilutions. In order to obtain the 
same percentage of positive reactions in 
both groups, one must use a vaccine ten 
times stronger for the younger children. 
This investigation has shown that one may 
obtain the desired percentage of ‘‘takes” 
even close to 100%, by choosing the ap- 
propriate vaccine titer. 


A. Espmark and E. Rabo: Antibody forma- 
tion following smallpox vaccination before 
the age of 35 days 

Two groups of children, the first one 
month of age, and the second 9-12 months 
old, were investigated with regard to the 
presence of neutralizing antibodies before 
and after smallpox vaccination. Twenty-six 
children in each age group have until now 
been examined serologically. The titration 
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of antibodies was done by a screening 
method, whereby filter paper discs with 
serial dilutions of serum were placed directly 
in virus-infected tissue cultures. Localized 
viral growth inhibition was interpreted as 
neutralization. 

Of the 26 younger infants, 23 had anti- 
bodies in the prevaccination serum. In the 
older group, antibodies were found in two 
of 26. In sera taken 1 month after vaccina- 
tion, the titer values obtained ranged from 
1:10 to 1:100, with a distribution which 
suggested a slightly lower average value 
for the younger group. The further develop- 
ment of these titers will be estimated by 
repeated titration of sera taken one year after 
vaccination. Until now 9 months’ sera have 
been taken from five children in each age 
group and titrated simultaneously with the 
serum samples from the same infants ob- 
tained earlier. No obvious difference in the 9 
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month titers of the two groups was dem: n- 
strated. The number of samples is, howev :r, 
too small for minor differences to be ve ri- 
fied. One month after vaccination, six of ‘he 
ten infants had titers 1:100 and four had 
titers 1:32. In the 9 month sera, four of the 
higher titers had decreased three-fold, while 
the lower titers remained unchanged. 

The question as to whether the lower an- 
tibody formation demonstrated in the | 
month old infants depends on the maternal 
antibodies or on some incompleteness in the 
immunological maturity cannot as yet be 
answered by our results. In any event, the 
difference demonstrated is small, and it may 
be assumed that even in the younger infants, 
the first vaccination carries out its most 
important function, that is to produce the 
sensitization to vaccinia virus which con- 
ditions a good booster response to revaccina- 
tion. 


Meeting Feb. 10, 1961 


B. Persson and G. Sterky: A case of non- 
hemolytic hyper-bilirubinemia 


A 13 year old girl with persistent hyper- 
bilirubinemia since birth is described. She 
had no family history of jaundice and was 
asymptomatic except for iron deficiency 
anemia at the time of her last examination. 
The level of bilirubin through the years 
varied between 3.6 and 10.0 mg % with nega- 
tive direct and always strongly positive in- 
direct Hijman van den Berghs reaction. It 
could be (eg. normal COHG and 
Cr®! survival) that no hemolytic process was 
involved. Liver function tests, 
tology and cholecystography were normal. 
The case was diagnosed as Gilbert’s disease. 
The authors discuss the progress made during 
the last few years in understanding defects 
in bilirubin metabolism. The difficulty of 
drawing conclusions from the results of load- 
ing with salicylate is underlined and the 
findings at chromatography of bile acids dis- 
cussed. In this patient, a very low level of 
was found which 


shown 


liver his- 


chenodeoxycholie acid 


may suggest the presence of other enzymatic 


defects in the liver cells. The existence of 
hitherto unknown pathways of bilirubin 
metabolism are considered. 


N. Engstrém and B. Persson: Hypopro- 
teinemia with edema and albumin loss in the 
gastro-intestinal tract 


A preliminary report is given about an in- 
fant with polycystic kidneys, intestinal 
edema and hypoproteinemia who has been 
under observation since 44 months of «ge. 
Serum-protein levels varied between 2.5- 
3.6 g%. Laboratory examination of b'ood 
and urine were normal. Liver, pancreas and 
adrenal function as well as intestinal ab- 
sorption of fat and carbohydrates are or 
mal. Studies with T!*! albumin i.v. reve wed 
a loss of albumin into the gastrointes inal 
lumen estimated to be about 4 g per lay. 
Treatment with high doses of albumir iv. 
had only a transient effect. Triamein« ‘one 
was of no value. A repeated [)35-alb: min 
study during a trial course of human gr wth 
hormone showed no change albumin !oss. 
but suggested increased protein synt) esis 
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PROCEEDINGS OF PEDIATRIC SOCIETIES 


Hy poproteinemia in children is discussed. 
Th: albumin studies were performed to- 
gether with a group at the Gustaf V Forsk- 
ningsinstitut, Stockholm. The growth hor- 
mene was kindly put at our disposal by 
Prof. Gemzell, Uppsala. 


Yngve Larsson, Géran Sterky, Kristina 
Ekengren, and Tage Moller: Physical fitness 
and the influence of training in diabetic 
adolescent girls 


The physical working capacity (PWC) 
was studied in a group of 22 adolescent 
diabetic girls and compared with that of a 
control group of 27 non-diabetics of the same 
sex and age. The PWC was slightly lower 
in the diabetic group, the difference being 
most evident in the age-group of 15-18 
years. In the diabetic group, the relations 
between PWC and body weight, age and 
heart volume were the same as among non- 
diabetics. There was a regular decrease of 
blood sugar during work and a highly signifi- 
cant correlation between the initial blood 
sugar value and the extent of blood sugar 
decrease. After training in a moderate long- 
term as well as in a strenuous short-term 
program, the PWC increased in the majority 
of the diabetic patients. It was most marked 
in the girls of 13-14 years who took part in 
hard training, a pronounced improvement 
being noticed also in the diabetic state, in 
spite of unchanged insulin dosage and a 
50°, larger caloric supply. There was a 
significant rise of blood cholesterol during 
the work tests. Also, the levels of cholesterol 
and triglycerides in the blood (but not of 
phcspholipids) were significantly increased, 
when determined a few days after the severe 
tra‘ning program. 
he value of exercise and training in the 
tre. tment of juvenile diabetes is emphasized, 
the favourable effect being especially conspic- 
uol's in patients with a high blood-sugar 
lev |. During periods of intensified physical 
act vity, the caloric supply should be in- 
rather than the insulin dosage 
dec -eased. 


cre sed, 
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C. G. Bergstrand and M. Otto: Attempted 
suicide in children and adolescents 


The incidence of attempted suicide in 
persons 21 years of age or less was thought 
to be of interest. Four hundred and seventy- 
one hospitals in the entire country were re- 
quested to send in the appropriate records 
during the 5-year period 1955-1959. A 
total of 1727 cases (351 boys (20.3%) and 
1376 girls (79.9%)) was collected from 458 
institutions (97.3%). The youngest case was 
a 10} year old boy. The incidence of suicide 
attempts increased with age and was greatest 
at puberty. An absolute increase in incidence 
was also noted during the 5 year period of 
study. Seasonal variation was also noted. 
The smallest number of cases occurred in 
June and July (92 and 81 cases respectively) 
and the largest number in November (147 
cases). Thirty-eight per cent of the cases 
came from Stockholm, Gothenburg and 
Malm6, the inhabitants of which account 
for one-fifth of the total population of 
Sweden. The majority (82.5%) were from the 
lower class and 4.6% were foreigners (78 
cases). Alcoholism was found in 14.6% and 
psychiatric disease in 27.6% of the parents. 
Forty-three per cent of the cases came from 
broken homes. Psychiatric disease was pres- 
ent in 19% of the boys and 8% of the girls. 
The method of suicide used by boys tended 
to be more active (hanging, shooting), while 
girls tended to take overdoses of tablets, etc. 
Twenty-nine per cent had attended a psy- 
chiatric clinic or been in mental hospitals 
while 70.4% had been treated for somatic 
disease. Psychiatric consultation was obtained 
in 69.4%. A need for continued psychiatric 
care was found in 31 % of the boys and 19.3% 
of the girls. Fifteen per cent of the persons 
had previously attempted suicide, and this 
was more common amongst the boys. 


K. M. Herrlin and P. O. Hillborg: Cerebral 
symptoms in the juvenile form Gaucher’s 
disease 

Six familial cases of Gaucher’s disease are 


described. The patients are 6-20 years old 
and are all alive. Diagnosis has been con- 
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firmed in two by chemical analysis of the 
spleen. Splenectomy was performed at 
14-12 years. Within 3 years of the operation, 
skeletal changes occurred in all cases. Cer- 
ebral symptoms have gradually also ap- 
peared in all after operation. Five are men- 
tally retarded. Muscular incoordination pri- 
marily affecting the eyes is present in 5, 
while 3 also have trismus. Three have epi- 
lepsy. All of the patients have abnormal 
electroencephalograms, 3 of which show sig- 
nificant changes with spikes, and sharp and 
slow waves with shifting localization. The 
cerebral symptoms are similar to those found 
in the infantile form in which they are at- 
tributed to deposit of cerebrosides in the re- 
ticuloendothelial cells of the brain vessels. 
The pathogenesis in the juvenile form is 
probably the same. It is possible that the 
cerebral symptoms as well as the early ap- 
pearance of the skeletal changes have been 
precipitated by splenectomy. (Will be pub- 
lished in Acta Pediat.) 


PROCEEDINGS OF PEDIATRIC SOCIETIES 


C. G. Bergstrand, Birgit Czar and P. H. 
Tarukoski: Serum haptoglobin in infai cy 


Haptoglobin is defined as group of mu-o- 
proteins with the electrophoretic proper ies 
of &,-globulins. Haptoglobin forms with 
moglobin a very stable complex with }:er- 
oxidase activity which may, according to 
Jayle, be used for quantitative determina- 
tion of the serum haptoglobin content. 
With Jayle’s activation method, the hapto- 
globin level in sera from fetuses, newborns 
and infants was determined. In fetal and 
cord blood, no haptoglobin was demonsira- 
ted. During the neonatal period (full term 
and premature infants), small amounts of 
haptoglobin were found only in a few cases. 
After the newborn period, the haptoglobin 
level tends to rise gradually and after 5-6 
months of age, values below 30 mg per 100 
ml serum, i.e. the lower limit for normal 
adults, are rarely demonstrated. Fetal he- 
moglobin bound to haptoglobin seems to 
have a peroxidase activity which is higher 
than the corresponding complex of adult 
hemoglobin. Preliminary experiments sug- 
gest that haptoglobin injected intravenously 
into newborn infants is rapidly eliminated. 


ANNOUNCEMENT 


The X International Congress of Pediatrics 


The X International Congress of Pedia- 
trics will be held in Lisbon, Portugal Sept. 
9 to 15, 1962 with Professor C. Salazar de 
Sousa as President and Professor Marie Cor- 
deire as General Secretary. There will be 
three plenary sessions, which will take upp 
three mornings with the following items: 
1. Problems of the newborn infant.—2. Pedia- 
tric problems of tropical climates and count- 


ries in development.—3. Pediatrie doctr ne. 
The remaining scientific programme is 
vided into 15 sections, for each of wh *h, 
subjects of more topical importance has b » 
chosen. An extensive social program is p 1n- 
ned as are scientific exhibits, industrial >x- 
hibits, and exhibitions of art and childr: ns 
literature. The address of the Secreta: at: 
Av. 28 de Maio, Lisbon, Portugal. 
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ANNOUNCEMENTS 


Congresses 


The II International Congress of Mental 
Retardation 
Vienna, August 14-19, 1961. President: 
Professor K. Kundratitz, Pediatric Clinic, 
Lazarettsgasse 14, Vienna, Austria. The 
principal subjects to be discussed are: 1. 
Organic causes of mental retardation.—2. 
Endocrine disorders and mental retardation. 
3. Encephalopathy and mental retarda- 
tion.—4. Genetic and metabolic problems. 
5. Mental retardation caused by psychosis 
in childhood.—6. Pseudo-feeblemindedness. 
—7. Diagnostics and tests.—8. Evaluation 
of histories.—9. Social adjustment of men- 
tally retarded children.—10. Child guidance. 
11. The physician and special schools.—12. 
Pharmacotherapy. 


The Annual Congress of the Pediatric 
Society of North-Western Germany 

Liibeck, June 2—4, 1961. President: Pro- 
fessor J. Jochims, Kinderklinik, Krons- 
forder Allee 71/73, Liibeck, Germany. There 
will be refresher courses in Orthopedics and 
in Dermatology. The scientific subjects to be 
discussed are: 1. Constitution and 2. Psycho- 
therapy. 


The 60th Congress of the German 
Pediatric Society 


Heidelberg, Sept. 11-13, 1961. President: 


Professor Ph. Bamberger, Universitats- 
Kinderklinik, Heidelberg, Germany. The 
principal subjects are: 1. Convulsions in 


childhood.—2. Inborn errors of metabolism. 
—3. Malignant tumors in children. Informa- 
tion may be obtained from the General 
Secretary, Professor K. Schreier, Universi- 
tats-Kinderklinik, Heidelberg. 


The XIII Congress of the Nordic Pedi- 


atric Association 


Copenhagen, June 25-29, 1961. President 
Dr. med. P. W. Braestrup, General secretary 
Dr. med. E. Winge Flensborg. Principal sub- 
jects to be discussed: 1. The influence of 
prenatal and natal factors for development 
and for diseases; prespective and longitu- 
dinal studies. —2. Epilepsy in childhood.—3. 
Steroid treatment of acute llfe-endangering 
infections.—4. Prognosis of asthma and asth- 
matic bronchitis in children. Address of the 
Secretariat, Amtssygehuset, Hellerup, Den- 
mark. 


BOOK REVIEWS 


ré-Thomas, Yves Chesni and S. Saint- 
Dargassies: The Neurological Ex- 
ation of the Infant. 


mal Spastics Society, London, 1960. 


50 p ges. Price 5/- net or $1:—. 


T is is the first number of “Little Club 
Clin in Developmental Medicine” pub- 


lish | as Supplements to the excellent Cere- 
bral Palsy Bulletin. It gives an account 
of s ne guide lines of neurological examina- 
tion and some typical responses of the 


normal newborn and older infants. The aim 
is to make a topographical diagnosis and to 
describe the neurological mechanisms im- 
plicated. The editors of the booklet, R. C. 
MacKeith, P. E. Polani and E. Clayton- 
Jones, give introductory information con- 
cerning the type of examination used by 
André-Thomas as well as an interpretation 
of the findings. The text is richly illustrated 
by drawings from photographs and ciné 
films. This is a useful booklet for pediatricians 
and students. 
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L. Emmet Holt, Jr., P. Gyérgy, E. L. Pratt, 
S. E. Snyderman and W. M. Wallace: Pro- 
tein and Amino Acid Requirements in Early 


Life. 


New York University Press, New York, 
1960. 63 pages. Price $1.00. 


In this pamphlet present knowledge of 
the protein and amino acid requirements 
in early life are summarized. The following 
items are discussed: protein intake and body 
composition, evaluation of protein require- 
ments and of protein quality, amino acid 
requirements and amino acid _ balance, 
desirable intake of protein and amino acids 
and the need for further research. It is not 
possible to go into details. Be it sufficient to 
say that the responsible authors, who are 
well-known experts in pediatric nutrition, 
have critically evaluated the current litera- 
ture. About 200 references. 


E. Gedda: The Significance of the Premature 
Child’s Low Birth Weight for its Vitality 


and Social Prognosis. 


Almqvist & Wiksell, Uppsala 1960. Thesis, 
University of Gothenburg. 


This work has special value as a parallel 
and complement to a study made by Ingvar 
Alm entitled ‘‘The Long-term Prognosis of 
Prematurely Born Children” (Acta Pediat, 
Suppl. 94, 1953). Like Alm’s work it is based 
on material culled from maternity hospitals, 
well-baby clinics, school health services and 
official social registers, such as that of the 
Royal Temperance Board and Central 
Register of Criminology. Social status and 
adaptation as well as income were also 
studied. Alm’s material consisted of 999 
prematures and 1002 full-term babies (as 
controls) born 1901-1921 in three maternity 
hospitals in Stockholm. The present ma- 
terial consists of 742 prematures and 426 
controls born 1930-1936 in the maternity 
hospital of Gothenburg. Alm’s material was 
selected, and only included boys legitimately 
born. Gedda’s material comprises all prema- 


BOOK REVIEWS 


tures, girls as well as boys, regardless of 
legitimacy and also stillborns of the sae 
birth weight. Gedda’s material is proba! ly 
more typical of the population of Gothen- 
burg than Alm’s was of Stockholm, as tie 
percentage of institution deliveries 
higher in Gothenburg in the thirties (&2- 
85%) than in Stockholm during the early 
decades of this century (50-75%). 

Gedda has followed the same princip!es 
as Alm when subgrouping the material by 
dividing the children into single and mul- 
tiple births. The tables are arranged in the 
same way as Alm’s, which makes comparison 
easy. 


Was 


are considered. As this material is based on 
obstetrical case histories which are 25-30 
years old, the results are somewhat difficult 
to evaluate. Gedda then examines the 
mortality rate at different ages and has 
been able to follow nearly all living patients 
to the age of twenty. The following results 
were the most important. 

During the period 1930-1936, prematures 
constituted about 5% of all live births in 
Gothenburg. Their mortality during the 
first week of life was 19.1% as compared 
with 0.7% for children born at term and 
their perinatal mortality 30.2% as compared 
with 2.1% for controls. The infant mortality 
minus the mortality during the first week was 
7.2% for prematures compared with 1.1% 


Factors which may influence birth weight | 


~ 


for controls. During the second year of !ife. | 
the mortality was 3.1% for prematures «nd | 


2.4% for controls. After five years of «ge 
no difference was found in the morta!ity 
risk between the two groups. The differe ice 
in morbidity declined similarly and was »0t 
present at school age, apart from that a.so- 
ciated with sequelae from birth injuries, w! ch 
are probably more common among pre. :a- 
tures. Prematurely born children were « n- 
sidered by physicians as well as by ¢ °ir 
parents as ‘‘fragile’’ more often ‘re 
the controls. This may be due mor. to 
their attitude than to prematurity pe se. 
It was shown that premature childre: on 
the average were somewhat smaller, . en 
at school age. Regarding psychic dev: 'p- 
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BOOK REVIEWS 


ment, the investigation could not verify any 
siznificant difference between prematures 
and controls, but here a more detailed study 
seems indicated. Like Alm, the author found 
no difference between prematures and con- 
trols regarding social capacity, working 
capacity and social adaptation. Though the 
author’s figures indicate an increase fre- 
quency of prematures amongst retarded and 
other minus variants in school-age, he has 
furnished evidence that the premature child’s 
handicap has been principally overcome by 
the age of one year. 


P. Véghelyi. Die Kiinstliche Hibernation. 


Hungarian Academy of Sciences. Budapest. 
1960. 612 pages, 107 figures. Price not given. 


The well-known Hungarian pediatrician, 
Véghelyi, has written this important mo- 
nograph on the theoretical problems and 
practical experiences of artificial hypo- 
thermia both chemically and physically in- 
duced. Every aspect of the problem is con- 
sidered. The indication, technique and clin- 
ical experience in various fields of medi- 
cine as well as the contra-indications and 
side effects of hibernation are described in 
detail in separate chapters. For a pediatrician 
the experiences of induced hypothermia in 
the treatment of perinatal disorders, infan- 
tile diarrhoea, infectious diseases and Water- 
house-Friderichsen syndrome are of special 
interest. Due consideration is paid to the 
publications and experiences of other in- 
vestigators and the tabulated references 
number 1568. 


F. G. Young (Editor) et al. Insulin. British 
M-dical Bulletin. Volume 16, Number 3, 
Se otember 1960, 167-264. Price 20 Sh. 


‘his publication represents a most valu- 
al e and competent review on insulin by 
le-ding Canadian and British authorities. 
F ty years have passed since the discovery 
of the hormone, and the activities of the 
p) neer Toronto institute during this event- 
fu. period of medical history are described by 
C wiles H. Best in the introductory paper. 
N xt, F. Sanger in an article on the chemistry 
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of insulin shows how through the use of ad- 
vanced chemical technique he succeeded in 
finding the double-chained structure of the 
molecule. The problems of insulin assay both 
in vitro and in vivo are analysed in several 
papers and comparison made between the 
often remarkably divergent results obtained 
with different methods. Insulin antagonists 
and insulin antibodies are also reviewed and 
as regards the labile type of juvenile diabetes 
the hypothesis is given (Vallance—Owen) 
that fluctuating overaction of the insulin- 
antagonistic pituitary-adrenal system may be 
a cause of the ‘“‘brittleness’’, and that treat- 
ment with adrenal steroids in doses suffi- 
cient to suppress the endogenous production 
of these hormones might stabilize the disease. 
The mechanism of action of insulin is a field 
of some controversy illustrated in several 
contributions. Some investigators believe 
that the manifold actions of insulin with 
effects on carbohydrate (glycolysis), fat 
(lipogenesis) and protein (growth) meta- 
bolism are explicable in terms of a single 
effect, probably located to the processes 
governing the entry of glucose into the cell. 
Others believe that insulin acts on different 
intracellular metabolic pathways or enzy- 
matic (hexokinase) reactions. ‘“‘Nevertheless, 
the glimmerings of a reasoned unity are 
beginning to be discernible in the fog of 
uncertainty”, (Randle & Young). The last 
part of the volume has a more clinical aspect, 
discussing indications and contraindications 
for the use of different insulin preparations, 
treatment of ketosis, reactions, etc. Finally 
two articles describe the chemistry and 
clinical use of hypoglycaemic substances 
other than insulin, the sulphanilyl as well 
as the guanidine derivatives. In juvenile 
diabetes the effect of the former is only tem- 
porary during an early phase of the disease, 
but in adults, too, the incidence of secondary 
failures is increasing. As regards the guani- 
dine preparations their mode of action as 
well.as indications for use are still unsettled. 
Until more is known it seems wise to use 
them only in carefully conducted clinical 
trials. 
Yngve A. A. Larsson, Stockholm 
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Stanbury, Wyngaarden and Fredrickson. The 
Metabolic Basis for Inherited Disease. Mc 
Graw Hill House, London, 1960, 1477 pp. 
Price £ 11 12 s. 


The state of current 
thought regarding the 
genetic bases of inherited disease is compre- 


and 
and 


knowledge 
biochemical 


hensively presented in this volume. To ac- 
complish this task the editors have called on 
46 contributors, including themselves. The 
book is divided into ten sections, each of 
which is concerned with the disturbances 
primarily involving a particular system. The 
grouping 
the same system permits the use of general 
concerning normal 


of diseases with disturbances in 
introductory remarks 
biochemical pathways. It also encourages 
continuity of thought. 

Although primary consideration is given 
to the description of normal and disturbed 
biochemical processes and to the genetics 
involved, brief and therapeutic 
descriptions are also included. To assist the 


clinical 


reader the editors have apparently insisted 
that frequent summaries and recapitulations 
be inserted in each chapter. A bibliography, 
which is extraordinarily current (with many 
references from 1960), follows each chapter. 

A great deal of time has obviously been 
spent in compiling the index. It is 52 pages 
long and as best as the reviewer can dis- 
cover by random testing, every subject has 
been included with the additional indication 
of whether the reference is a minor or main 
discussion of the subject. Another helpful 
feature is an appendix which describes the 
methods of coding and filing family records. 

All of the chapters are well written; even 
so, the reviewer wishes to call attention to 
the first chapter in which the editors have 
collaborated. Here the concepts of inherited 
disease are reviewed and exemplified with a 
clarity and style that is a joy to read. 

This volume is enthusiastically recom- 
mended for medical school and_ hospital 
libraries, where it is a must, as well as for all 
individuals more than remotely interested 
in inherited diseases. 


T. Oliver, Stockholm 


BOOK REVIEWS 


Edited by F. Linneweh. Die Prognose chr: - 
nischer Erkrankungen. Long-term observ: - 
tions of chronic diseases. Springer Verla;.. 
Berlin, Géttingen, Heidelberg 1960. 404 
pages. Price 98 DM. 


In the summer of 1959 a European confv- 
rence on the long-term prognosis of chron:c 
diseases was held at Herrenchiemsee, Gevr- 
many. The organiser, F. Linneweh, edited 
this summary of the proceedings in Eny- 
lish or German. About fifty specialists in 
pediatric and adult general medicine present 
many new data in this hitherto neglected 
field. Much valuable informations is given 
on the long-term prognosis of most chronic 
pediatric diseases and also on how children 
live with their disease. Only some main fea- 
tures will be mentioned here. Pyelonephritis 
has a worse prognosis than glomerulonephri- 
tis. Intensive and prolonged chemotherapy 
is recommended in trying to improve the 
results. The prognosis of juvenile obesity is 
very poor and longterm psychotherapy 
seems indicated. H. Asperger found adults 
who had had enuresis to be neurotic and in- 
fantile with poor social adjustment. This 
study and that on ventricular ulcer (by A. 
Jores) requires control studies and stricter 
definitions of the pathology 
found. Linneweh presents a series of prema- 
tures with hyperbilirubinemia treated by 
clinical indica- 


psychiatric 


exchange transfusions on 
tions alone (mostly based on neurological 
signs). Sixteen patients without clinical signs 
of bilirubin-encephalopathy whose serum- 
bilirubin rose to 21-32 mg % were not given 
exchange transfusions, and were found nor- 
mal at the age of 14-3} years. The severe 
prognosis in juvenile asthma is stressed, biit 
no informations on the long-term effect on 
the respiratory function are given. Co.- 
spicuously good long-term results in t :¢ 
treatment of cystic fibrosis of the pancre is 
are reported from Queen Elizabeth Hospi: al 
for Children, in London. 

Clinicians can learn much from this boc «. 
Many of the reported results are a challer ‘e 
to an intensified search for better thera ¥. 


Rutger Lagercrantz, Stockholm 
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From the South-East Asia Regional Office of the World Health Organization, 
New Delhi, India 


Undergraduate Paediatric Education in South-East Asia 


by P. ROBINSON? 


Introduction 


The discipline of paediatrics appears to 
be least developed where it is most needed, 
and the number of paediatricians seems 
smallest where problems of child health 
are most pressing. This unfortunate stitua- 
tion is further aggravated by the fact that 
the smaller the number of paediatricians 
in a country, the less trained in paediatrics 
are the general practitioners. 

Studies of paediatric education have 
been conducted in the U.S.A. (1), Canada 
(2), Europe (3) and Latin America (4). 
The present paper describes the situation 
in the countries of the South-East Asia 
Region of W.H.O. as of the end of 1959. 


1. Sources of Information 


Some data on paediatric education in 
India are contained in a review of Indian 
paediatrics in 1955 (5), brought up to 
date in 1958 (6). A few details on other 
ccuntries of the region are contained in a 
sries of articles on maternal and child 
h-alth services in South-East Asia (7, 8, 9). 

\t a seminar on paediatric education 

Regional Adviser in Maternal and Child 
alth. 
In Burma, Ceylon and India the term “med- 


ic | college’ is used to depict a full-fledged 
n dical training institution of university stand- 
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in South-East Asia, held under W.H.O. 
auspices in Bangkok in June, 1958, 
eighteen paediatric teachers discussed the 
subject, and provided a _ considerable 
amount of information, some of which is 
used in this paper. A final report on this 
seminar is, unfortunately, not yet avail- 
able. 

A questionnaire was distributed in 
1959 by the W.H.O. Regional Office for 
South-East Assia to all medical schools? 
in the region. 

Finally, the present writer has visited 
at least ence, often a few times, 34 of the 
46 institutions in which paediatrics is 
being taught at present. 


2. General Remarks on Medical Educa- 
tion in S.-E. Asia 


In Afghanistan, medical students pay no 
tuition fees and receive free accommoda- 
tion, food, clothing and pocket money. 
There is an internship year, out of which 
two months are spent in the paediatric 
department. After graduation (Dr. med.) 
the doctor becomes automatically a gov- 
ernment servant. 

In Burma, there were no tuition fees 
till the beginning of the academic year 
1959-60. From now on, students pay the 
equivalent of three dollars per month. 
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TABLE 1. Medical schools in S.-E. Asia. 


Duration 
Country ot medical Internship Degree Tuition fees 
course in instruction government 
years 
Afghanistan 6 Compulsory | Dr. med. Farsi Nil Permanent 
Burma 5 Not available} M. B., B.S. | English $3 per month} Nil 
Ceylon 5° Available, M, English Nil Nil 
not strictly 
enforced 
India 5% Compulsory, | M. B., B.S. | English Average Nil 
where avail- $50 per year 
able 
Indonesia be Part of the | Dr. med Indonesian | $5 per year | Three years 
curriculum; after gradua- 
2 years tion 
Portuguese 53 6 months; Médico- Portuguese | Nil Nil 
India compulsory | Cirurgiao 
Thailand 4 Available, M. B. Thai (with | In stage One year for 
but not technical of revision | each year of 
compulsory terms in subsidized 
English) studies 


a Plus two years’ pre-medical training. 
b Plus one year preparatory course. 
c Being reduced now to six years. 


There is no internship year. The qualifica- 
tion is M.B. (Bachelor of Medicine), B.S. 
(Bachelor of Surgery). 

There are no tuition fees in Ceylon 
either, but students who fail in examina- 
tions and have to repeat a course, pay the 
equivalent of $ 35 per semester. Full re- 
gistration is granted after one year’s 
internship in an approved hospital. Provi- 
sional registration is permitted immedi- 
ately after graduation. The qualification is 
M.B., B.S. 

In India, annual tuition fees range from 
the equaivalent of $25 (in six institutions) 
to $100 (in one only), the average being 
$50. Recently, an internship year has 
been introduced in some, or most, of the 
medical colleges, which is now in the pro- 
cess of being reduced to six months. There 
is no definite provision for part of the 


internship service to be spent in paedi- 
atrics. The qualification is M.B., B.S. 

In Indonesia, the annual tuition fees 
are 240 rupiahs (about $5 at the present 
official rate of exchange). There is no 
internship, but during the sixth year of 
studies, the student does practical work in 
the paediatric department. Graduates 
must serve the government for three 
years. The qualification is Dr. med. 

In Portuguese India there are no tuiticn 
fees. After graduation there is a six-month 
compulsory internship. Paediatrics fir 
this purpose is part of the obsteti'c 
training. The qualification is “‘Médic»- 
Cirurgiaéo”, and is not recognized outsi:‘e 
the colony. 

In Thailand, there were no tuition fe °s 
till recently. Now, students can only ¢ 
exempted if they undertake to serve t 1¢ 
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TABLE 2. Students in paediatrics in S.-H. Asia. 


Medical schools teaching pediatrics 
Total number 
of medical No. of stu- 
Country teaching No. of | No. of | dents admit- |No. appeared N. 
institutions | imstitu- stu- ted 1959 =| for examina- pio a | % failure 
tions dents tion 1959 P 
M F 
Afghanistan 1 1 355 83 27 33 33 0 
Burma 2 2 1,381 229 | 100 238 104 55 
Ceylon 1 1 699 108 27 156 123 20 
India® 52 36 18,517 | 2371 | 967 4979 2603 48 
Indonesia? 6 + 4,068° | 488 73 253 205 18 
Portuguese 1 1 100 23 | Nil Unknown 23 |Unknown 
India 
Thailand 2 2 1,001 157 53 197 162 18 


a Only 33 of the medical colleges teaching paediatrics graduated students in 1959. 
b Only three of the medical faculties teaching paediatrics graduated students in 1959. 
ec This number includes students of dentistry in Jogjakarta. 


government after graduation. Internship 
is not compulsory. The qualification is 
M.B. 

The medium of instruction in Burma, 
Ceylon and India is English. In Afghani- 
stan, national teachers teach in Farsi, and 
lectures of foreign teachers are being 
translated. In Indonesia, the medium of 
instruction is Indonesian, but guest teach- 
ers often use their own languages. In 
Thailand, while Thai is used, technical 
terms are in English. In Portuguese India, 
the medium of instruction is Portuguese. 


3. Distribution of Schools and Students 
in Paediatrics 


in one country of the region—Nepal— 
there is no medical school yet. In Af- 
hanistan, the present output of graduates 
is considered sufficient for the time being. 
In Burma, the recently established second 
mdical college in Mandalay is part of the 
University of Rangoon. In Ceylon, plans 
the establishment of a second medical 


college in Kandy are nearing completion. 
In India, 14 new medical colleges were 
established during the last four years 
making a total of 52. Only two of those 
have reached the stage of clinical teaching; 
four other medical colleges have not yet 
fully developed the clinical curriculum. 
Thus, paediatrics is taught at present in 36 
out of the existing 52 institutions. In 
Indonesia, two medical faculties were 
established since 1955, making a total of 
six. Paediatrics is not taught yet in the 
new institutions. The “medical surgical” 
school in Goa (Portuguese India) is without 
full university status. In Thailand, in 
addition to the two medical schools in 
Bangkok, a third is under preparation in 
Chiengmai. 


4, Paediatrics as a Speciality 


In Afghanistan, where the faculty of 
medicine was established in 1932, there 
was no paediatric teaching till 1943. At 
present, paediatrics is a full-fledged de- 
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TABLE 3 a. Departments of paediatrics: independent and dependent. 


No. of institu- | Fully indepen- | Not fully inde- 

Country tions teaching | dent paediatric | pendent paedi- 

paediatrics department | atric department 
Afghanistan 1 1 
Burma 1 —_ 1 
Ceylon 1 1 -— 
India 36 26 10 
Indonesia 4 1 3 
Portuguese 1 — 1 

India 

Thailand 2 2 oo 


partment, and is a “major subject’”’ in the 
final examinations. 

In Burma, the paediatric wards and 
out-patients’ services are under a paedia- 
trician, but administratively paediatrics 
is part of the department of medicine, and 
does not constitute a separate subject in 
the final examination. 

In Ceylon, where the medical college 
was established in 1870, a chair of pae- 
diatrics has existed since 1949. At the 
final examinations paediatrics is included 
in medicine. 

In India, all stages of transition from a 
“subspeciality of medicine’ to a separate 
chair are found. However, in no institu- 


tion is paediatrics considered a ‘major’ 
subject, nor is it a subject for the final 
examinations; usually one or two ques- 
tions in the medical examination paper 
deal with paediatric problems. 

In Indonesia, the paediatric department 
of the faculty of medicine of Djakarta is a 
large unit under a full professor. Paediat- 
rics is considered there a “‘major’’ subject, 
and a special examination is held. In the 
other medical faculties, the paediatric 
units are small, and teaching is limited; 
administratively they are under the de- 
partment of medicine. 


In Portuguese India, paediatrics is not }) 


taught as a separate subject. 


TABLE 3b. Paediatric departments in India: development during the last four years. 


Independent departments 


Under the professor of medicine 


Total number of 
medical colleges 


teaching paedi- In charge of full 


professors of 


In charge of an 
associate professor, 
a reader, a lecturer, 


Paediatric wards 
actually part of 
the medicine 
department, and 


Paediatric depart- 
ment supervised 


_— paediatrics or an honorary by aor ot all teaching done by 
paediatrician the professor of 
medicine 
1955 1959 1955 1959 1955 1959 1955 1959 1955 1959 
31 36 2 11 9 14 11 6 9 5 
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In Thailand, paediatrics was separated 
from medicine in 1945. It is not yet con- 
sidered a “major’’ subject. 


5. Teachers in Paediatrics 


Some of the paediatric teachers are 
full-time, some are part-time, and some 
are honorary. With very few exceptions, 
however, the time devoted to teaching is 
independent of the status of the teacher. 
For the purpose of a general review it may 
be accepted that the actual time the chief 
of the department devotes to teaching is 
1-2 hours a day in all, or most, institu- 
tions. 

At Kabul medical faculty—Afghanistan 
—there is one professor, two associate 
professors, one reader and one lecturer. 
The ratio of teachers to students is one to 
seven. 

In Burma, the teacher-student ratio is 
the lowest in the region, there being only 
one part-time lecturer for 240 students in 
paediatrics. 

In Ceylon, there is one professor and one 
lecturer, but most of the teaching is done 
by junior assistants, after two years of 
internship. 

In India, there are considerable dif- 
ferences. The highest number of paediat- 
ric teachers— in two institutions only— 
is six; the ratio of teachers to students in 
these two units is 1:20 and 1:35 respec- 
tively. The lowest ratio is 1:305. In five 
colleges there are as yet no special teachers 
in paediatrics and the subject is taught by 
the professors of medicine (see Table 36). 

{In Djakarta, Indonesia, there is the 
la:gest number of paediatric teachers of 
ai.v institution in the region—18. Fourteen 
0’ these are classified as lecturers. How- 


TABLE 4. T'eacher-student ratio. 


Country Average Range 
Afghanistan 
Burma 1; 240 — 
Ceylon 1: 45 -— 
India 1:70 1: 300-1: 20 
Indonesia 1:18 1: 100-1:9 
Thailand 1:13 _ 


ever, the teacher-student ratio is only 
1:9, lower than in Kabul. In the other 
medical faculties in that country there 
are very few paediatric teachers. 

In Portuguese India, there are no sep- 
arate teachers in paediatrics. 

In Thailand, the teacher-student ratio 
is next only to Afghanistan, in this region. 


6. Teaching Facilities 
A. Hospital Beds 


Traditionally, hospital beds are often 
considered the most important, sometimes 
the only, necessary facility for teaching of 
paediatrics. This is, of course, even less 
correct in this part of the world than in 
economically more advanced countries. 
Only very sick children can be admitted to 
paediatric departments of teaching hospi- 
tals here, and the student, if this is his 
only, or main, training field, sees chiefly 
the final stages of fatal conditions. 

But even so, the numbers of beds in 
teaching hospitals are very small, and 
some of the so-called “paediatric beds” 
are for ‘“‘surgical”’ conditions in children— 
actually under the supervision of the sur- 
geons. Occasionally, the paediatricians 
may be called upon to advise on the gen- 
eral care of children hospitalized for surgi- 
cal conditions, but as a rule, the surgical 
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TaBLE 5a. Beds for children in teaching hospitals. 


Number of “‘medical’’ beds for No. of “‘surgical” beds for 
No. of insti- children children 
Country tutions 
Infectious | Infectious | Separate Under {Under pae- 
paediatrics | included | excluded | infectious surgeons paediatric | diatrician 
surgeons 
Burma 2 80 6 30 — 
Ceylon 1 250 24 108 
India 36 566 1096 94 635 65 10 
Indonesia 4 380 65 20 
India 
Thailand 2 135 60 80 12 


paediatric beds are unrelated to paediatric 
teaching activities. In one unit only, in 
India, the surgical beds are under the care 
of the paediatrician, and in two other, also 
in India, under paediatric surgeons. 

As a rule, “medical” and ‘“‘infectious”’ 
beds are available for paediatric teaching 
purposes, but not necessarily all beds. 
Some institutions have special wards 
earmarked for teaching, and there is, in 
that case, administrative division between 
the service and the teaching unit. 


B. Out-patient Services 


Separate daily out-patient clinics for 
children are held in all but three of the 
teaching hospitals in which paediatrics is 


TABLE 5b. Bed-student ratio. 


Country Average Range 


Afghanistan 
Burma 
Ceylon 
India 
Indonesia 
Thailand 


CON 


taught. The average number of child 


out-patients per day ranges from 140 in 
Indonesia to 1200 in Ceylon. About 50 % 
are, as a rule, new cases. Very few, if any, 
nurses are available to assist the doctors. 

Some of the paediatric teachers select 
a limited number of child out-patients for 
teaching, or have special sessions to which 
selected cases are invited. Although there 
appears to be no third alternative, these 
methods are unsatisfactory in as much as 
teaching is not done under normal condi- 
tions of service. 


C. Preventive Child Care 


Only five teaching institutions, all in 
India, take advantage of existing maternal 
and child health centres or child welfave 
centres for teaching of preventive chi'd 
care. Preventive service units for children 
are available in all cities or towns whee 
medical schools are located, but for varios 
reasons those are not used for teachinz. 
These reasons may be summarized as f° |- 
lows: 

1. Insufficient awareness on the part of 
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TABLE 6. Facilities for out-patient teaching. 


No. of Out-patient | Average number of out- 
Coasts institutions services patients per day 
y teaching | available for 
paediatrics teaching Total New 
Afghanistan 1 1 200 60 
Burma 2 2 230 110 
Ceylon 1 1 1200 60 
India 36 35 170 70 
Indonesia aa 3 140 60 
India 
Thailand 2 2 145 50 


teachers of the importance of preventive 
paediatrics. 

2. No teaching time allotted by the 
faculty for this purpose. 

3. Difficulties arising out of the fact 
that the preventive service units are under 
a different authority from the teaching 
institution. 

4. Some public health officials in charge 
of preventive services do not welcome 
teaching paediatricians to use their in- 
stitutions. 

5. Some teaching paediatricians prefer 
to have their own child welfare clinics 
rather than use existing ones. 

In India, a number of teaching in- 


stitutions now have departments of pre- 
ventive and social medicine. Some of the 
professors of preventive and social medi- 
cine consider preventive paediatrics to be 
their domain. Where the teaching paedia- 
tricians are not too keen on preventive 
aspects, they welcome the initiative of 
the department of preventive and social 
medicine to take it on. In a few instances, 
the two professors co-operate in the teach- 
ing of preventive paediatrics, and again, 
in some others, the professor of preventive 
and social medicine is quite ready to give 
up some of the hours allotted to him to the 
paediatrician, for him to use it for teaching 
preventive paediatrics. 


TABLE 7. Facilities for teaching preventive paediatrics. 


Child welfare clinics available for 
No. of institu- teaching purposes 
Country tions teaching 
paediatrics Attached to | Under different 
teaching hospital authority 
Afghanistan 1 — — 
Burma 2 
Ceylon 1 1 —_— 
India 36 11 5 
Indonesia + 1 — 
Portuguese India 1 — — 
Thailand 2 2 
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TABLE 8. “Rooming-in.” 


Total number 
of teaching | Infants Raised 
Country institutions with ane 
with obstetric] mothers | 
services 

Afghanistan 1 1 
Burma 2 — 2 
Ceylon 1 
India 35 30 5 
Indonesia 4 — 4 
Thailand 2 — 2 


D. Newborn Care 


Newborn care is taught by obstetricians, 
paediatricians, or not at all. While some 
obstetricians consider newborns to be 
their domain, both in respect of teaching 
and service, others are only too glad to 
hand over supervision to the paediatrician. 

The paediatricians, on the other hand, 
are often reluctant to assume responsibil- 
ity for newborns because of lack of time. 

An important reason for leaving care of, 
and teaching on, newborns to the ob- 
stetrician in some countries of this region 
is the prevalent system of “rooming-in”’. 
Where infants are with their mothers, it is 
simpler, and appears more sensible, that 
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whoever looks after the mother is als» 
responsible for the infant. 

“Rooming-in” is not an accepted prit- 
ciple in South-East Asia and, so far, no 
institution which had a separate nursery 
for newborn has changed back to “rooming - 
in’’. On the other hand, recent attitudes 
in western countries may have influenced 
institutions, at least in India, not to 
establish separate nurseries where such did 
not already exist. 


E. Special Clinics 


There are a number of special clinics in 
India attached to some institutions, which 
are sometimes, but not invariably, used for 
undergraduate teaching. None in other 
countries, so far. 


7. Hours and Methods of Instruction 


Paediatrics is taught in the third, 
fourth, or fifth year, during one, two or 
three years. Experimentally, some as- 
pects of preventive paediatrics are taught 
in two institutions in India also in the 
pre-clinical period, in co-operation with 
the department of preventive and social 
medicine. 


TABLE 9. Newborn care. 


Newborns under obstetrician Premature unit 
Total no. 
of teaching | Newborns | pacdiatri- | Paediatri- | Paediatri- . 
Country | institutions | under pae-| Under 
sulted  |sulted occa-| sulted ex- | diatrician 
es regularly | sionally |ceptionally 
Afghanistan 1 1 == == 
Burma 2 — = 2 
Ceylon 1 1 — = — 1 == 
India 35 4 7 20 4 3 4 
Indonesia 3 1 2 — —_— 1 — 
Thailand 2 — 2 
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TABLE 10. Special clinics. 


— capped onrene’ Nutrition] Spastics Liver con-| Tuber- | Mental heart 
guidance logical ditions culosis {deficiency 

9 5 53 3 3 1 3 1 1 


Didactic lectures range from a few, in 
some institutions in India, to 230 in 
Afghanistan. 

Bedside teaching is practised in all 
countries, but in some instances this is 
actually didactic lectures delivered at the 
bedside, instead of in the lecture hall. 
Where sufficient junior tutors are avail- 
able, bedside teaching is practised more 
efficiently. 

Not much time is devoted to out- 
patients and child welfare teaching, for 
reasons already stated (see Section 5, 
paras. B and C). 

There is no clerkship in Afghanistan, 
Burma, Ceylon, Portuguese India or in 
six of the teaching institutions in India. 
Clerkship from 2 to 107 weeks is available 
in all but six institutions in India and in 


Indonesia and Thailand. Not infrequently, 
clerkship means little more than writing 
case sheets for the doctors. 

Home visiting by students of paediat- 
rics has recently been introduced in Co- 
lombo. In some of the Indian institutions 
home visiting is an important part of the 
activities of the department of preventive 
and social medicine, and some of it is 
concerned with child care. This is espe- 
cially so, where the teachers of paediatrics 
and preventive and social medicine co- 
operate. 

A major opportunity to impart tech- 
niques of health education is given in a large 
number of teaching institutions in India 
and Kabul through the presence of mothers 
on the wards. So far, little advantage is 
taken of this opportunity, although more 


TaBLE 11. Hours of teaching. 


No. of didactic | Hours of bed- Hours at No. of weeks of 
lectures side teaching —— Preven- clerkship 
Country Year(s) ing tive child 
care 
Average] Range| Average| Range] Average} Range Average] Range 
A‘ghanistan | IV, V 230 — 85 85 —_— Nil Nil _ 
Purma V 20 12 12 4 
Cylon III, IV 46 — 132 _— 16 — Yes 10 — 
Ii dia Vari- 30 4-75 55 | 0-156 36 0-48 | In 10 5 0-8 
able only 
I donesia V 108 {12-200 43 | 25-79 37 12-60] Yes a 2-14 
.ailand IT, IV 75 | 73-77 75 | 60-90 42 24-60 In one 56 6-107 
school 
oniy 
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TABLE 12. Attitude to mothers of hospitalized children. 


Total no. of 
Country teaching Banned sufferance} Welcome 
institutions 
Afghanistan 1 — = 1 
Burma 2 2 — — 
Ceylon 1 1 — — 
India 36 4 14 18 


and more institutions begin to realize 
the great possibilities of educating mothers 
during their stay in hospitals; this also 
permits medical students to study mother- 
child relationships and techniques of 
health education. The best facilities for 
mothers exist in Kabul, where they are 
given beds next to their children and 
food. In India, attitudes to the presence of 
mothers differ, and facilities for their 
accommodation are limited. 


8. Trends and Outlook for the Future 


The importance of teaching paediatrics 
as a separate discipline is growing in all 
countries of the region. Serious efforts are 
being made in this direction. 

At the same time, more emphasis is 
being laid on teaching of promotional and 
preventive aspects of child care, and the 
use of peripheral services for instruction 
of medical students. 
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From the Department of Bacteriology (Head: Professor Gunnar Léfstrém), 
University of Uppsala, Sweden 


Identification of Enteropathogenic Escherichia Coli 0111:B4 by 


Means of Fluorescent Antibodies 


by DAN DANIELSSON and GUNNAR LAURELL 


The bacteriological diagnosis of en- 
teropathogenie Escherichia coli by con- 
ventional culture and the current sero- 
logical tests takes 48-72 hours. In other 
words, the method is time-consuming, 
and furthermore requires special media. 
Moody, Goldman & Thomason (11) 
showed in 1956 that, by means of Coons’s 
(3) fluorescent antibody technique, it is 
possible to demonstrate pathogenic bac- 
teria within about one hour. This tech- 
nique has since been used for the identifica- 
tion of a number of different bacteria 
(1, 4, 5, 12, 13). Whitaker, Page, Stul- 
berg & Zuelzer (18), who examined 4-year- 
old samples of faeces from an epidemic 
caused by 0127:B8, demonstrated the 
superiority of the method for diagnosing 
enteropathogenic coli. 

In the investigation now described the 
fluorescent antibody technique was tested 
during a current epidemic of infantile 
diarrhoea due to E. coli 0111: B4, and was 
compared with the conventional bacterio- 
lovical and serological techniques. 


Methods 


1. Preparation of Antiserum, and Conjuga- 
tion with Fluorescent Substance 


Rabbit antiserum specific for entero- 
pa‘hogenic E. coli 0111:B4 was prepared in 


accordance with the directions of Edwards & 
Ewing (7). The O-agglutinin titre varied 
from 1:1280 to 1:2560, and the B-agglutinin 
titre was about 1:124. These sera were used 
for the serological tests and for conjugation 
with fluorescent substance. Before conjuga- 
tion the globulin fraction was precipitated 
with 33%-saturated ammonium sulphate. 
The precipitate was dissolved in distilled 
water, dialysed for 12 hours against running 
distilled water, and then for a further 24 
hours in phosphate-buffered sodium-chlo- 
ride solution. Conjugation was performed by 
the method described by Chadwick, McEnte- 
gart & Nairn (2), using Lissamine Rhod- 
amine B200 (RB200), which gives a brilliant 
orange fluorescence. It proved possible to 
dilute the conjugated globulin solutions 4-5 
times with physiological saline without 
impairing the results. The conjugate was 
stored in small bottles fitted with screw 
caps at 4°C, or frozen at — 20°C. 


2. Treatment of the Smears 


Each smear was dried in air, and fixed by 
heating. A small drop of conjugated globulin 
solution was spread out so as to cover the 
smear, and the slide was placed in a damp 
chamber at room temperature. After a 
period of 30-45 minutes the slide was washed 
in phosphate-buffered saline (pH 7.1) for 
10-15 minutes. The smear was mounted 
under a cover-slide in buffered glycerine— 
saline (pH 7.1). Control tests of positive 
smears were made on conjugated normal 
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rabbit globulin, and also by means of in- 
hibition tests (Goldman’s one-step procedure 


(8)). 
3. Fluorescence Microscopy 


A Zeiss fluorescence microscope equipped 
with dark-field condensor and mercury lamp 
HBO200 was used. The BG12 ultraviolet 
input filter in combination with the OG4 or 
OG5 eyepiece filter (Schott & Gen) gave the 
best results. The following scale was used for 
reading off the count of fluorescent bacteria: 


Negative No fluorescent bacteria present 

i + Isolated fluorescent bacteria 
present 

2+ About 1 fluorescent bacterium 
present per field 

3+ 2-5 fluorescent bacteria present 
per field 

4+ 5-10 fluorescent bacteria present 
per field 

5+ Numerous fluorescent bacteria 


present per field 


4. Treatment of the Specimens of Faeces 


The specimens were as a rule examined 24 
hours after collection. Each specimen was 
treated as described below, and was then 
stored at -—15°C for subsequent examina- 
tion (see Fig. 1). 

Modification 1. Direct culture on Conradi 
Drigalski’s “blue agar plates” (9). After 
incubation at 37°C for 20-24 hours at least 
12-15 colonies were examined by means of 
the slide agglutination test. Suspect colonies 
were pure-cultured in broth, and confirmed 
by means of O-titration in tubes in accord- 
ance with current technique. 

Modification 2. As described by Whitaker 
et al. (14), a small quantity of faeces was 
suspended in 1 ml of physiological saline in 
sterile centrifuge tubes. Of this, smears were 
made on slides measuring about 2 x3 ecm 
for treatment with fluorescent antibodies 
and fluorescence microscopy, and direct 
cultures were also made, as described under 
Modification 1. 
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Modification 3. A suspension in physiologi- 
cal saline (see Modification 2) was made up 
to 5 ml, and filtered through gauze ‘o 
remove coarse particles. The filtrate wis 
centrifuged at 3000 r.p.m. for 10 minutes, 
and the sediment suspended in about 0.5 ral 
of physiological saline. Preparations and 
culture of this were then made, in accordanve 
with the directions under Modification 2 
(Thomason e¢ al. (13)). 

Modification 4. A small quantity of faeces 
was cultured in 2.5 ml of broth at 37°C for 
6-8 hours. A direct culture of the broth was 
made (see Modification 1). The broth was 
then centrifuged, the sediment suspended in 
1 ml of sterile physiological saline, and 
smears were made for treatment with 
fluorescent antibodies. Culture of this sus- 
pension commonly resulted in such prolific 
growth that it was difficult to find suffi- 
ciently isolated colonies. 

The specimens of faeces were again ex- 
amined after having been stored for 3 months 
at -15°C. In these experiments the speci- 
mens were first cultured in broth at 37° and 
45°C for at least 24 hours (see Dixon (6)). 
The broth culture was then treated as 
described under Modification 4. 


Material 


1. The Epidemic in Question 


During the autumn of 1959 there was 
an epidemic of infantile diarrhoea at a 
Children’s Home near Orebro. At the time 
26 babies aged from 2 to 12 months were 
resident at the Home. By the time this 
investigation was commenced at the end 
of October 1959 13 of the infants had hid 
diarrhoea for several weeks. EH. coli strain 
0111:B4 was demonstrated among_ these 
and in two apparently healthy children, >y 
means of the fluorescent antibody techniqi'e. 
Clinically the epidemic was relatively mi d. 
Three of the children had severe diarrho: a, 
and were admitted to hospital, where n¢o- 
mycin was given successfully. 
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Faecal- 
specimens. 


Modifications. 


Cc Fl C Fl Cc 


tive specimens. 


The number of posi- 21 25 


22 26-1) 20 15 


The time for investi- 48-72) 60 | 48-721 75 |48-72] 9-10 [54-80 
gating hrs | min | hrs | min} hrs hrs | hrs 


Fig. 1. Occurrence of EH. coli 0111:B4 according to fluorescent antibody technique and conven- 
tional culture with the modifications used in this investigation. 


C=Conventional culture. Fl = Fluorescent antibody technique. 


2. Collection of Specimens 


During the first 2 months samples were 
taken every 4-5 days, and during the last 
2 months every 10-12 days. Specimens were 
obtained from four of the healthy infants on 
only four occasions, at regular intervals 
throughout the period of the investigation. 
The staff, who numbered 24, supplied speci- 
mens on two occasions. Altogether 264 
specimens of faeces were examined. 


Results 


The findings obtained by the various 
methods of investigation are shown in 
Fig. 1. 

The greatest number of positive results 
was obtained by the fluorescent antibody 
technique, as described under Modifica- 
tion 4. Enteropathogenic EZ. coli of strain 
)!11:B4 were demonstrated in 15 infants 
or 35 occasions, and in one of the nurses 
01 one occasion. In comparison, the con- 
ve tional method in the same modification 
y' lded positive results in nine infants 
or 15 occasions. With regard to other 


methods, the fluorescent technique does 
not differ to any notable extent from 
conventional procedures. Pathogenic bac- 
teria were demonstrated on slightly more 
occasions by the fluorescent technique 
than by conventional methods, however. 

The quickest diagnosis was obtained by 


TABLE 1. Quantitative distribution of the 

positive results with fluorescent antibody 

technique and the number of positive cultures 
within each group. 


C=Conventional culture. Fl = Fluorescent anti- 
body technique. 


Modifications 
(see Fig. 1) Fi ¢ FC EF € 
Quantitative grada-1+ 11 9 12 10 7 © 
tion of bacteria 2+ 10 9 10 9 2 
per field 3+ 3 38 2 
1 1 56 O 
5+— — — — 17 12 


No. of positive speci- 
mens 


No. of children with 
E. coli 0111: B4 
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TABLE 2. Quantitative comparison between 

fluorescent antibody technique, Modification 

4 (enrichment), and all the positive cultures 
together. 


C=Conventional culture. Fl = Fluorescent anti- 
body technique. 


Modifications Fl C 
(see Fig. 1!) 4 1,2, 3,4 

Quantitative gradation of 1+ 7 0 

bacteria per field 2+ 2 1 

3+ 4 4 

4+ 5 4 

5+ 17 ag 

No. of positive specimens 35 26 

No. of children with 15+1 12 
E. coli 0111: B4 adult 


the fluorescent antibody technique without 
enrichment. It was in this manner possible 
to establish the presence of coli 0111: B4 
within one hour. With enrichment, which 
gave the greatest number of positive 
cultures, this took 9-10 hours. By the con- 
ventional procedure it was impossible to 
obtain a definite diagnosis in less than 48 
hours. 

Table 1 shows the bacterial counts as 
obtained by the various modifications of 
the fluorescent antibody technique, com- 
pared with corresponding cultures. It will 
be apparent that the fluorescent technique 
is the more sensitive. Several specimens 
that on culture gave negative results 
yielded 1+ to 2+ on examination by the 
fluorescent antibody technique. Only one 
specimen, which was found by Modifica- 
tion 2 to contain strain 0111:B4 gave 
negative results with the fluorescent anti- 
body technique. The difference was more 
striking after culture in broth. In none 
of the seven cases in which the fluorescent 
technique gave a result of 1+ were organ- 
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isms of strain 0111: B4 isolated by culture. 
Of 17 cases which yielded 5+, 12 gave 
positive cultures. 

Table 2 shows the total number of 
positive cultures obtained by the various 
methods, and these are compared with tiie 
fluorescent antibody technique, Modifica- 
tion 4, which gave the greatest number of 
positive results. Altogether, positive re- 
sults were obtained in nine more cases by 
the fluorescent technique than by con- 
ventional methods. In four of these nine, 
bacteria of strain 0111:B4 had _ been 
obtained by culture on earlier occasions. 
Enteropathogenic HE. coli were demon- 
strated in a further three infants and one 
adult by the fluorescent antibody tech- 
nique, compared with the cultures. The 
number of positive specimens from these 
cases was thus five. 


Antibiotic Therapy 


The importance of antibiotic therapy is 
apparent from Table 3. All infants at the 
Home were treated for 5 days. Specimens 
of faeces were taken from them all on the 
fourth day of treatment. By standard 
culture EH. coli of strain 0111:B4 were 
isolated from two infants on that occasion. 
By Modifications 2 and 3, culture pro- 
cedure, positive results were obtained 
from three infants, whereas pathogenic 
bacteria were demonstrated in four by 
the fluorescent antibody technique. The 
greatest difference between the methods 
is seen in Modification 4: conventional 
culture gave positive results in three cases. 
whereas the fluorescent procedure revea|d 
pathogenic organisms in nine. After anti- 
biotic therapy no positive cultures w«re 
obtained in Modifications 1 and 4, but the 
fluorescent antibody technique in Mo'li- 
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fication 4 revealed the organisms in two 
iniants. In one child £. coli of strain 0111: 
B4 were demonstrated by both techniques 
in Modifications 2 and 3. 


Semiquantitative Analysis 


Laboratory tests were carried out to 
examine the sensitivity of the fluorescent 
antibody technique. For this purpose 
specimens of faeces of a diarrhoea con- 
sistency that had yielded positive results 
in Modifications 1-4 by both techniques 
were selected. These specimens were di- 
luted with suitable negative faeces, and 
each dilution was examined by Modifica- 
tions 1, 2 and 4. The results are collected 
in Table 4. It can be seen that after 
culture in broth bacteria were demon- 
strable by the fluorescent antibody tech- 
nique in a dilution of 1/128, whereas the 
greatest dilution after which L£. coli 
0111:B4 could be detected by other 
techniques was 1/2. 


Survival Power of the Bacteria 


All specimens of faeces were re-examined 
after 3 months’ storage at — 15°C. Culture 
in broth at 37° and 45°C was performed 
before plating out. The results of the final 
cultures are shown in Fig. 2, from which 
it is clear that the fluorescent antibody 
technique yielded a greater number of 
positive cultures. An unexpected finding 
is that better results were obtained after 
inc:bation of the preliminary cultures at 


37 than at 45°C. 
Discussion 
~he fluorescent antibody technique 
wa tested during a current epidemic of 
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45 
Enrichment in 
broth for 24 hours ; 


Fl Cc Fl C 

1+ 2 5 3 

Quantitative gra-5,| 5 3 5 4 
dation of bac- 3, 3 3 2 2 
teria per field 44] 2 2 1 1 
5+} 17 | 17 0 


The number of posi- 
tive Specimens! 31 | 27 | 13 | 10 
The number of child 
ren with coliomBa.| | 13 | 7 | 


Fig. 2. Secondary investigation of frozen faecal 
specimens after primary enrichment in broth at. 
37°C and 45°C for 24 hours. 


C=Conventional culture. Fl= Fluorescent anti- 
body technique. 


infantile diarrhoea caused by entero- 
pathogenic HF. coli of strain 0111:B4. 
After culture in broth it was possible by 
means of this technique to demonstrate 
the organisms in 15 infants and one adult, 
whereas conventional culture revealed 
them in enly 12 infants. 

The comparatively small difference 
between the results of the two methods 
may possibly be ascribed to the fact that 
all specimens were taken during an epi- 
demic. Under such circumstances the 
incidence of bacteria in the faeces is as a 
rule high, and the organism can readily 
be demonstrated on culture. When the 
bacterial count is low the fluorescent anti- 
body technique is probably superior. 
Evidence in favour of this is supplied by 
the four positive fluorescence tests in 
which the strain could not be demonstrated 
simultaneously, although the organisms 
had been present in earlier tests; and 
further support is gained from the results 
obtained during and after antibiotic 
therapy. The greater sensitivity of the 


|_| 
ure. 
if 
i0us 
the 
fica- 
ar of 
line, | 
been 
on- 4 
ech- 
The 
hese 
L 
DY 
The 
ods 
ral 
Ses, 
ruled 
rere 
tne 
Li- 


344 


TABLE 3. Occurrence of E. Coli 0111: B4 

according to fluorescent antibody technique 

and conventional culture during and after 
treatment with antibiotic. 


C =Conventional culture. Fl = Fluorescent anti- 
body technique. 


Modifications 


c FC FIC FC 


Positive specimens 
during treatment 2 4 3 4 3 9 3 
Positive specimens 
after treatment O 2 


fluorescent antibody technique is also 
confirmed by the laboratory tests per- 
formed on various dilutions of samples of 
faecal material known to contain the 
strain of bacteria in question. 

The fluorescent antibody technique as 
carried out after enrichment culture gave 
positive results in nine more cases than did 
conventional culture, counting all modi- 
fications. This may possibly be explained 
by the fact that the number of bacteria 
that can be examined on a slide by 
microscope is greater than the number of 
colonies one can expect to obtain after 
inoculation on a plate. 


TaBLE 4. Laboratorial comparison with dilu- 
tions of a known faecal specimen. 


C = Conventional culture. Fl= Fluorescent anti- 
body technique. 


: 2 3 

Dilu 1 

tions C Fl C Fl Cc 

1:2 Pos. 2+ Pos. 5+ Pos. 
1:4 Neg. Neg. Neg. 3+ Neg. 
1:8 Neg. Neg. Neg. 2+ Neg. 
1:16 Neg. Neg. Neg. Ce Neg. 
1:32 Neg. Neg. Neg. 1+ Neg. 
1:64 Neg. Neg. Neg. dee Neg. 
1:128 Neg. Neg. Neg. 1+ Neg 
1:256 Neg. Neg. Neg. Neg. Neg 
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With regard to the time taken, ‘he 
fluorescent antibody technique is clea”ly 
superior, and at best a diagnosis can be 
made within one hour. With conventioral 
culture this takes at least 48 hours. This 
is undoubtedly of great importance, not 
least with regard to the quick institution 
of proper treatment. Furthermore, 10 
media or glassware are required and the 
diagnosis is thus simplified. The only thing 
needed is a first-class microscope equipped 
for fluorescent microscopy, together with 
good conjugated globulins. The most 
important disadvantage is that the tech- 
nique is sensitive, and in order for it to be 
reliable, requires an experienced operator. 
At present this would seem to limit the 
routine use of the method. And it is not 
known to what extent the diagnosis may 
be influenced by unspecific reactions to, 
say common partical antigens to patho- 
genic coli and other coli bacteria. The 
results obtained in this investigation do 
not indicate that this is a serious source of 
error, however. 

Examination of material that had been 
stored at —15°C for several months gave 
results largely similar to those of the 
primary investigations, and in favour of 
the fluorescent technique. The results are 
not absolutely comparable, however, be- 
cause in the late tests preliminary culture 


in broth was carried out in all cases. .\n 


unexpected feature was the fact that 
preliminary culture at 45°C produced |:ss 
good results than that at 37°C. In tis 
respect our findings differ from those of 
Dixon, who stated that enrichment at 
higher temperatures yields better rest ‘ts 
of culture when the enteropathogenic «oli 
count is low. 

The direct staining technique was u ed 
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in the fluorescent antibody procedure in 
this investigation. The indirect staining 
technique is probably more suitable in 
routine practice, since in the identifica- 
tion of enteropathogenic coli at least 12 
different types have to be distinguished; 
only one conjugated globulin would then 
be required. As LaBrec, Formal & Schnei- 
der (10) have pointed out, however, the 
indirect method carries a greater risk of 
unspecific reactions. 


Summary 


The fluorescent antibody technique has 
been tested during a current epidemic of 
infantile diarrhoea due to EZ. coli 0111: B4, 


and has been compared with the conven- 
tional bacteriological and serological tech- 
niques. Four different modifications have 
been compared. After enrichment of the 
faecal specimens in broth the greatest 
number of positive specimens was ob- 
tained by the fluorescent antibody tech- 
nique. It was possible by means of this 
technique to demonstrate the organisms 
in 15 infants and one adult in 35 specimens, 
whereas conventional culture, all modi- 
fications together, revealed them in 12 
infants in 26 specimens. The time for 
putting a diagnosis is greatly reduced by 
the fluorescent method. The method’s 
disadvantages and its use in routine 
practice are discussed. 
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Serial Blood-Gas Tensions and Acid-Base 


Balance during the First Hour of Life in Human Infants’ 


by T. K. OLIVER, JR., J. A. DEMIS? and G. D. BATES 


Although there have been a number of 
biochemical studies performed on um- 
bilical cord blood samples, very few serial 
studies have been made during the first 
hour of life—the period in which many of 
the critical respiratory and circulatory 
adaptations to extrauterine life occur (22). 

In the present investigation acid-base 
balance of arterial blood has been followed 
serially with studies beginning within five 
minutes of delivery in the majority of sub- 
jects and continuing through the first 
hour. In addition, the partial pressures of 
oxygen (PaQ,) and carbon dioxide (PaCO,) 
have been directly determined. It was 
hoped that PaO, in particular would add 
to the knowledge of this important period 
since, in general, it more precisely defines 
hypoxemia than does oxyhemoglobin sat- 
uration and thus might give information 
regarding the effectiveness of the lungs to 
oxygenate the blood as well as the presence 
of extra pulmonary right to left shunts. 


Material and methods 


Forty infants on the clinical obstetrical 
1 Supported in part by a grant from the Com- 
ley-Coleman Fund of the Ohio State University. 
2 Medical student-research fellow (Jan—April 
1960) of The Central Ohio Heart Association. 


service of the Ohio State University Health 
Center were studied. All except three were 
mature by birth weight (these 3 weighed 
2495, 2407 and 2280 g). In 27 the pregnancy, 
labor and (vertex) delivery were considered 
entirely normal: 11 mothers had forceps 
applied at the outlet to assist delivery, while 
in the remainder (16) delivery was spon- 
taneous. Nine infants were delivered by 
elective cesarean section and four mothers 
had abnormalities either in maternal health 
(2) or in presentation (2). With few exceptions 
the mothers received a combination of me- 
peridine and phenergan i.m or i.v. during 
labor. The usual dose was 50 mg of each and, 
with few exceptions, they received this only 
once. No differences in results were observed 
in the groups who did or did not receive 
analgetic drugs. Anesthesia for the vertex 
deliveries consisted of inhalation (N,O or 
GOE) in 15, conduction (spinal or caudal) in 
10, local or none, 1 each. All the patients 
delivered by cesarean section received con- 
duction anesthesia. All infants were rate: 
by the Apgar scoring method one minuie 
after complete delivery (1). 

Immediately after delivery the umbilic: 
cord was doubly clamped and ligated. The 
cord was then successively swabbed wit 
an organic iodide preparation (Virak) ar 
alcohol and then was amputated within 2c 
of the abdominal wall, in the meanwhi 
having an assistant compress the cord at t! ¢ 
abdominal wall to prevent bleeding. Aft: 
shallow dilatation of one of the arteries 2 
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catheter! was inserted a distance of 4-10 
em. When it was technically not possible to 
cannulate an artery an attempt was made to 
catheterize the left atrium through the um- 
bilical vein using a soft, round-tip polyethy- 
lene catheter marked at 1 cm intervals from 
10-15 em. Since this was a blind procedure, 
although recognized as technically easy 
because of the proximity of the foramen ovale 
to the inferior vena cava (10), it was possible 
to be certain that left atrial blood was ob- 
tained only when the catheter was 12-15 cm 
from the abdominal wall and the sample had 
a distinetly brighter color than blood ob- 
tained after withdrawing the catheter 1-2 
em. The results of left atrial samples are 
therefore somewhat weighted. Rectal tem- 
perature was recorded immediately after 
each sample was obtained.” 

The protocol called for a sample in the 
first five minutes of life (successful in 24 
infants) and serially thereafter at 10, 20, and 
60 minutes. In fact, there was considerable 
deviation from the protocol and the results 
were grouped into the time periods 2-5, 
6-10, 11-20, 21-40, and 41-64 minutes. 
Twenty-eight infants had at least 3 samples 
withdrawn, 9 had 2 and 3 infants only 1. 

Each sample, 1.5-2.0 ml in volume, was 
collected in a lightly oiled syringe, the dead 
space of which was filled with heparin. A 
small amount of mercury was added after 
collection to assure mixing, following which 
the syringe was placed in crushed ice until 
analysis. Previous studies in this laboratory 
have shown that gas tensions, pH and CO, 
content are uneffected by adding heparin or 
mereury. The blood gas tensions, pH, CO, 
content and hematocrit determinations were 
begun within 3-2 hours after collection. The 
sera were frozen under mineral oil for subse- 
quent determination of the concentration of 
chioride, sodium, potassium, magnesium 
ard total protein. All chemical determina- 
tions were performed in duplicate. Blood 

A No. 5 ureteral catheter was found to be 
mst satisfactory. Polyethylene catheters tend 
to <ink during insertion because of arterial spasm. 

The senior author is indebted to Dr. L. S. 


J: nes who discussed and demonstrated the 
ur bilical catheterization techniques with him. 


gas tensions were determined by a micro- 
modification of the blood-bubble equilibra- 
tion technique (4). Carbon dioxide content 
and pH were determined on plasma, ob- 
tained by centrifuging blood under a thick 
layer of neutral mineral oil. A Kopp—Natel- 
son microgasometer was used for determining 
CO, content (25). Plasma pH was determined 
at 37.5°C. using a modification of the Beck- 
man microglass capillary and a Beckman 
model GS pH meter (47). Sodium and potas- 
sium were analyzed on a flame photometer 
with an internal lithium standard; chloride 
was determined by a titritometric method 
(34); magnesium by a micromodification of 
the method of Basinki (3); total protein by 
the biuret method (14).3 Electrolyte deter- 
minations were not performed on hemolyzed 
specimens. Sera of known chemical composi- 
tiont were analyzed with each batch of 
patient’s sera. 


Calculations 


The partial pressures of O, and CO, were 
calculated to dry, ambient pressure, T 
37.5°C then corrected to body temperature 
(7). Oxygen saturation was obtained from 
the fetal oxyhemoglobin dissociation curve 
(31) using the corrected PO,. The pH values 
were corrected to body temperature using 
Rosenthal’s factor for whole blood (0.0147 
units/°C). Calculated PCO,, to compare with 
direct PCO,, was derived from the Henders- 
son—Hasselbalch equation; pK’ was deter- 
mined from the nomogram of Severinghaus 
et al (35). Buffer base (38) or ‘‘base excess’’ 
(2), which are useful methods of assessing 
metabolic disturbances, were not calculated 
in these infants for two reasons. Hematocrits, 
in general, were performed only on the initial 
and final blood samples and then not con- 
sistently. Secondly, the Singer-Hastings no- 
mogram for calculating buffer base assumes 
a serum protein concentration of 7.2 g/ 
100 ml, a pK’ 6.11 for carbonic acid and a 


3 Details of all methods (except Mg) are 
available in the Manual of Clinical Chemistry, 
the Children’s Hospital, Columbus, Ohio, S. 
Meites, Ph.D., editor. 

4 Lab-trol, Dade Reagents Inc., Miami, Fla. 
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Fig. 1. Comparison of direct with calculated PaCO,. Solid line is the line of identity. Dots (-) infants 
in present study. Crosses ( x ) infants, children and adults (4). A close correlation below PaCO, 65 mm 
Hg is present. 


CO, solubility factor of 0.0311. All three as- 
sumptions tend to be incorrect during the 
neonatal period: serum protein concentra- 
tion is reduced; marked variations of pK’ 
and solubility occur as a result of tempera- 
ture and pH shifts, which of course, may be 
profound during the first minutes and hours 
of life. It is believed that the tabular plus 
the graphic (9) representation of the rela- 
tionship of pH, PCO, and CO, content are 
as helpful in these circumstances as buffer 
base. Attention is also drawn to the fact 
that slight loss of CO, from the plasma 
through the overlying mineral oil may occur 
at high CO, tensions; this will result in a 
decrease of calculated PCO, compared to 
direct PCO,. This does not occur when the 
PCO, is less than 65 mm Hg (Fig. 1). 


Results (Table 1) 


Blood Gas Tensions 
As expected, the partial pressure of 
oxygen was very low and carbon dioxide 


markedly elevated at birth. During the 
succeeding minutes the values tended to 
approach normal limits, although wide 
variations occurred in both PaO, and 
PaCO, during the entire hour (Figs. 2 & 3). 
No statistical difference was found in the 
PaO, of infants born by vertex versus 
those delivered by cesarean section ex- 
cept at the 11-20 minute period (Table 3). 

The PaO, in left atrial blood was uni- 
formly higher than from the artery. In 
part this represents the biased selection of 
LA samples but it also clearly indicates the 
presence of a right to left shunt throuzh 
the ductus arteriosus. This was docu- 
mented in one instance when samp'es 
were simultaneously obtained from LA aad 
artery with values of 72.6 and 57.4 rim 
Hg, respectively. 

Only four oxygen tensions were abv ve 
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TaBLE 1. Serial biochemical data during the first hour of life. 
Time period (minutes) 
Determination 2-5 6-10 11-20 21-40 41-64 
No. 23 22 28 12* 29 
PaO, Mean 19.5 48.7 56.3 56.7 61.7 
mn Hg SD 12.3 15.9 12.1 id 13.8 
Range 0.6-47.3 29.7-88.1 37.5-79.8 49.2-72.5 40.1-89.5 
No. 24 22 31 24 30 
» PaCO, Mean 76.4 57.2 46.3 39.2 38.0 
mm Hg SD 11.6 13.0 8.3 7.4 6.9 
Range 55.4-98.8 40.0-94.9 28.5-79.0 21.7-55.0 18.4-56.3 
No. 23 21 31 24 30 
pH Mean 7.10 7.19 7.25 7.31 7.34 
SD 09 .08 10 .08 06 
Range 6.94-7.22 7.00-7.30 6.94-7.43 7.14-7.52 7.23-7.45 
No. 24 21 31 24 30 . 
r cco, Mean 24.5 23.3 20.8 20.6 21.6 . 
mM/L SD 2.8 2.9 2.6 2.4 2.3 c 
Range 17.4—29.3 15.6—26.6 14.7-24.8 16.1-23.7 14.6—-26.7 
No. 19 18 21 18 24 “4 
Na M 139 136 135 135 134 Fi 
| mEq/L SD 8 | 5 4 5 « 
ants R 130-158 122-148 120-141 130-145 120-140 & 
mm 
No. 19 18 21 18 24 : 
K M 9.1 8.4 8.0 8.5 8.0 
mEq/L SD 2.0 1.8 1.8 Ay 1.8 
tis R 6.8-14.3 5.9-12.0 5.6-12.7 5.4-11.4 5.3-11.4 
T No. 11 10 13 13 20 
tof a M 107 107 109 108 109 - 
vide mEq/L SD + 4 5 3 4 ~ 
anil R 99-110 102-111 98-115 102-113 101-113 ~ 
3 No. 5 2 6 9 14 
My M 2.0 2.1 2.5 1.8 2.0 : 
the miiq/L SD 0.5 0.5 
R 1.4-2.7 2.0-2.2 2.0-2.9 1.6-2.9 0.9-2.5 
rsus 
ie No. 18 15 18 16 22 2 
Total M 6.4 6.2 6.4 5.9 6.1 
3). | Protein SD 0.6 0.6 0.8 0.6 0.9 bs 
gm/100 ml R 5.3-7.3 5.2-7.3 5.7-8.7 5.0-7.7 4.8-7.0 
[ No 14 15 
Hematocrit M 51 50 
n of % SD 5 — — — 4 
the R 38-58 — 41-57 
ugh ‘ 9 LA samples not included. 
ples the lower limit of normal for this labora- thus demonstrating the variability with 
and tery (88 mm Hg). Two of these were LA’ which this phase of extrauterine adapta- 
pm samples and two were from the artery. tion occurs. 
Tn values were greater than 75 mm Hg During the period 21-40 minutes nine of 
cve | aid these were restricted to six infants the twenty-one samples were from the left 
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45 60 
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Fig. 2. PaO, versus time. The figures are the means of the five time periods. The dots indicate 
arterial samples. The crosses indicate left atrial samples. The dashed line is the lower limit of 
normal PaO, for older children and adults (88 mm Hg). 


TABLE 2. Acid-base balance in infants 1-3 days of age. (Mean value.) 


CO, pCO, 
Author pH mM/L mm Hg 
Graham & Wilson 7.43 19.7 30.0 
Cook et al. 7.44 21.9 31.2 
Stahlman 7.43 21.9 32.8 
Weisbrot et al. 7.41 21.4 33.6 
Reardon ef al. 7.39 21.1 34.1 


atrium (Fig. 2). For this reason these 
values were not included in the calcula- 
tion of the mean PaO, for this time period 
(Table 1). During the other periods the 
atrial values were included since they 
were few in number and did not signifi- 
cantly alter the mean. The mean PaO, 
at 2-5 minutes was 19.5 mm Hg + 12.3. 
Although the observed value 
(0.6 mm Hg) occurred in an infant whose 
mother required heavy sedation, values of 
0.8 and 0.9 mm Hg were observed fol- 


lowest 


lowing entirely normal vertex deliverivs. 
The two highest values, 47.3 and 35.5 
mm Hg, occurred following vertex and 
section deliveries, respectively. 

During the 6-10 minute period tie 
largest increment of change in mean valves 
occurred. PaO, rose to a mean of 48.7 mm 
Hg, an increase of 29.2 mm Hg. Duriig 
the same period PaCO, fell 19.2 mm Fg, 
to a mean of 57.2 mm Hg. During the 
next ten minutes PaO, rose to a mean of 
56.3 mm Hg and PaCO, fell to a mean of 
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Fig. 3. PaCO, versus time. Symbols as in Figure 2. 
TABLE 3. Serial acid-base balance in infants delivered by vertex and 
by cesarean section. 
2-5 6-10 11-20 21-40 41-64 
No. Mean (SD) No. Mean (SD) No. Mean (SD) No. Mean(SD) No. Mean (SD) 
pCO, mm Hg 
Vaginal 16 74.4(+ 9.4) 17 54.0(+ 9.9) 20 41.9(+9.2) 16 40.6(+7.2) 21 37.1(+6.9) 
CS. 6 81.3(+15.7) 3 58.9(+10.9) 8 56.6(+9.9) 6 37.0(+86) 7 41.2(+7.8) 
r 0.1>p> 0.05 >0.1 <0.01 >0.1 >0.1 
pH 
Vaginal 15 7.13(+0.07) 16 7.21(0.07) 20 7.29(+0.07) 16 7.31(+0.06) 21 7.35(+0.05) 
CS. 6 7.04(+0.05) 3 7.13(0.08) 8 7.15(+0.12) 6 7.34(+0.12) 7 7.31(+0.08) 
Y < 0.05 0.1>p> 0.05 < 0.01 >0.1 >0.1 
(CO, mM/L 
Vayinal 16 25.1(+2.3) 17 22.2(+2.2) 20 20.9+(2.5) 16 21.1(+2.3) 21 21.5(+2.6) 
cs 6 22.3(+3.1) 3 20.6(+4.6) 8 20.4(+3.4) 6 20.6(+2.1) 7 21.7(+2.1) 
1 < 0.05 >0.1 >0.1 >0.1 >0.1 
pO, nm Hg 
Vavinal 15 22.0(+12.8) 17 52.2(+16.1) 19 59.0(412.3) 15 66.6(+6.4) 20 62.8(+19.8) 
Cs 16.0(+10.3) 3 38.0(+13.6) 7 47.1(+ 8.3) 55.7(+4.0) 7 57.7(+13.1) 
>0.1 > 0.05 < 0.05 > 0.05 >0.1 


4.3mm Hg. During the remainder of the 
fi st hour there were only slight changes in 
t! ese values; mean PaO, rose to 61.7 mm 
F s and PaCO, fell to 38.0 mm Hg at one 


hour of age. The calculated mean percent- 
age oxyhemoglobin saturations during 
these periods were 27, 83, 90, 92, and 95 %. 
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20 25 30 
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Fig. 4. The relationship of continuous administration of oxygen to mothers upon their infant’s 
PaO, within 5 minutes of birth. No effect is apparent. Symbols: (:), normal vertex delivery; 
( * ) cesarean section; (O) abnormality in pregnancy or delivery. 


The effect of administration of oxygen to 
mothers 

Blood was obtained within 5 minutes of 
delivery in fourteen infants whose healthy 
mothers received oxygen by face mask 
continuously for periods of 2 to 30 minutes 
prior to delivery. Their PaO, was com- 
pared with nine infants whose mothers 
received no O, (Fig. 4). No effect of 
maternal hyperoxygenation upon the in- 
fant’s oxygen tension was found. 


Acid-base balance 

In considering acid-base balance it is im- 
portant to remember that both neonates 
(8, 15, 30, 41, 45) and pregnant women 
(6, 26, 44) have a reduction in PaCO,, CO, 
content and buffer base. Thus, by normal 
adult standards these individuals would be 
considered to have a mixed metabolic 
acidosis and respiratory alkalosis. The 
present results must therefore be compared 
with normal neonates values, not those of 


adults. Values of pH, CO, content and 
PCO, for healthy infants one to three 
days of age obtained by several investiga- 
tors are shown in Table 2. 

Differences in acid-base balance between 
infants delivered vaginally and by cesa- 
rean section were noted during the first 20 
minutes (Table 3, Fig. 5). The mean 
values of the twenty-nine normal infants 
indicated an essentially pure respiratory 
acidosis which continued to improve 
during the hour, although improvement 
was principally achieved in the first 20 
minutes. Even at one hour, however, 
the PaCO, was still above normal. !n 
contrast to these infants, the infants born 
by cesarean section had a moderate met:'- 
bolic acidosis in addition to a somewh 
more severe respiratory acidosis. Furth« 
more, the pattern of recovery was delay: 
and it was not until 21-40 minutes th 
the mean values approached the verte «- 
delivered infants. 
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pCO, mmHg 


45 


Fig. 5. 


pcO, mm Hg 


10090 80 70 60 50 40 


mM/L 


co, 


Fig. 6. 


Fig. 5. Serial acid-base balance in normal vertex (open symbols) and cesarean section deliveries 

(solid symbols). The cross (+) is the normal mean for infants 1-3 days of age and the surrounding 

hexagon represents 1 standard deviation. The symbols indicate time periods: (O), 2-5; (A), 6-10; 
(CG), 11-20; (V), 21-40; and ©, 41-64 minutes. 


Fig. 6. Serial acid-base balance in 3 infants with post partum respiratory distress. Abbreviations: 
RDS, respiratory distress syndrome; Asp, aspiration of amniotic fluid; Apnea?, apnea of 
unknown origin. Symbols as in Figure 5. 


Electrolytes, protein, and hematocrit 


No significant differences in the concen- 
tration of serum electrolytes were noted 
between infants born by vertex or cesarean 
section. No changes with time were found 
in the concentrations of chloride, sodium, 
or magnesium. Serum chloride values 
were higher than adults, an observation 
previously noted by Graham ef al (16). 
Serum potassium levels were strikingly 
elevated by adult standards, the mean at 
2-5 minutes being 9.1 mEq/L, falling at 
4! -64 minutes to 8.0 mEq/L. The range 
of values was wide and a few extremely 
hi -h ones were noted. For example, during 
th» first five minutes 6 infants delivered 
b» vertex had a concentration greater than 
l(.0 mEq/L; two of these had reduced 


Apgar scores (5 & 6) but the remaining 
four infants had scores of 8 or higher. The 
serum magnesium values were consistently 
within the range of adult normal (1.5-3.0 
mEq/L). 

The mean serum total protein concen- 
tration for the entire group of children 
ranged from 6.4 g/100 ml at birth to 
6.10 g/100 ml at one hour. The infants 
born by vaginal delivery had a signifi- 
cantly higher protein concentration during 
all except the 21-40 minute period than 
infants born by cesarean section (Table 4). 

The mean value for hematocrit during 
the initial and final periods were 51 and 
50%, respectively. Unfortunately too 
few determinations were performed in the 
cesarean group for statistical comparison 
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TABLE 4. Serum protein concentration in vertex and cesarean section deliveries 
(9/100 ml). 


Time period 


(min) Vertex C.S 
2-5 6.7 (40.42) 5.6 (+ 0.36) <0.01 
6-10 6.5 (+0.45) 5.3 (+0.16) <0.01 
11-20 6.7 (+£0.73) 5.6 (+ 0.35) < 0.05 
21-40 6.1 (+£0.60) 5.5 (+ 0.54) 0.1>0> 0.05 
41-64 6.4 (+0.38) 5.1 (+ 0.38) <0.01 


TABLE 5. Comparison of biochemistries in infants with Apgar scores of 
5-7 and 8-10. (Mean values.) 


Time period (minutes) 


Score 2-5 6-10 11-20 41-64 
PaO, 5-7 15.1 45.0 51.5 63.9 
mm Hg 8-10 22.8 51.9 57.5 60.8 
PaCO, 5-7 78.8 63.0 45.5 35.3 
mm Hg 8-10 74.7 51.7 46.4 39.0 
pH 5-7 7.08 7.15 7.23 7.35 

8-10 7.11 7.22 7.25 7.33 
K 5-7 9.8 8.7 7.9 8.3 
mEq/L 8-10 8.9 7.9 8.0 7.9 


since a difference from the normal infants 
was suggested. In the former group the 
values of the three hematocrits performed 
during the first 5 minutes were 38, 46, and 
49 %; in 11 infants born by vertex presen- 
tation all except two (with values of 48 and 
50%) had values higher than 51% at the 
2-5 minute period. 


Relationship of biochemistries to Apgar 
score 


Thirty-nine of the 40 infants had 
scores of 5 or higher. Twenty-eight had 
scores of 8-10; these included 20 vertex 
deliveries, 5 infants of cesarean section 
and 3 with history of abnormalities during 
pregnancy or delivery. Eleven infants had 
scores of 5-7; seven were vertex and 4 


were section deliveries. Differences in 
mean values of PaQO,, acid-base balance 
and serum potassium concentration were 
noted in these two groups during the 
first 10 minutes of life (Table 5). By 11-20 
minutes and thereafter no differences 


were apparent. 


Discussion 


Knowledge of the arterial oxygen ten- 
sion is important primarily because t'e 
level indicates the head of pressure 
which forces oxygen into the tissues. T 1¢ 
value cannot be derived accurately frc a 
the O, saturation at low or, particulary, 
high saturations (90 % or higher) because of 
the shape of the oxyhemoglobin dissoc 1- 
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tion curve. Furthermore, unless body 
temperature and pH are taken into ac- 
count large errors may be made by such 
calculations (36). This is very important 
in the period immediately following birth 
when both temperature and pH may be 
greatly altered. 

The importance of knowing the oxygen 
tension is well illustrated by the values 
observed at 1 hour of age. Despite the 
fact that the mean oxyhemoglobin satura- 
tion was within normal limits (95%) the 
infants nonetheless had moderate hyp- 
oxemia as indicated by the mean PaO, 
(61.7 mm Hg). 

Comparatively few investigations of 
oxygen tension have been performed in 
neonates and no serial studies have been 
reported. Sjéstedt e¢ al (39) and Beer 
et al (5) determined the PaO, from the 
clamped umbilical cord following normal 
vaginal deliveries, and found mean values 
of 16.9 and 9.2 mm Hg, respectively. No 
studies are available to compare with the 
levels obtained during the first hour. 
Graham (17) has determined PaO, in 
infants 3 to 54 hours of age. He found a 
mean of 74 mm Hg (versus his normal for 
adults of 84 mm Hg). Reardon et al have 
recently reported (30) the results of ar- 
terial oxygen tensions on 24 infants 
ranging in age from 3 to 135 hours. They 
found a mean value of 82.7 mm Hg. The 
mean value for adults by the method these 
investigators employed is approximately 
9° mm Hg. Thus it is apparent that there 
is a significant reduction in oxygen tension 
fo. several days of life even though the 
p-rcentage saturation of oxyhemoglobin 
proaches or becomes normal promptly, 
| some cases as early as 10 minutes after 
) th. There appear to be two reasons for 


the low tension; shunting through the 
ductus arteriosus and shunting within the 
lungs. 

Although the principle direction of the 
shunt through the ductus arteriosus, 
which is physiologically patent for several 
days (42), is from left to right, there is also 
some R-L shunt. This has been demon- 
strated angiocardiographically (18) as 
well as chemically. Eldridge & Hultgren 
(12) found a difference in oxygen satura- 
tion in arterialized capillary finger and 
heel blood during the first three days of 
life, although these infants were deliber- 
ately stimulated to cry, thus promoting a 
R-L shunt. Our studies show that left 
atrial samples have a consistently higher 
oxygen tension than arterial samples. This 
is true whether the infants are quiet or 
crying. The only conclusion permitted by 
these results is a right to left shunt 
through the ductus. However this does 
not explain the finding that there were 
only four values within the range of adult 
normal. The most likely explanation for 
this is a disturbance of pulmonary ventila- 
tion—perfusion relationships (“pulmonary 
shunting’’), presumably due to uneven 
ventilation. Graham has supporting evi- 
dence for this belief (17). Neonates and 
adults were given 50 % oxygen to breathe: 
the mean PaO, of the adults rose to 270 
mm Hg, whereas the infant’s rose to only 
153 mm Hg. Furthermore, since Reardon 
et al collected temporal artery samples a 
shunt through the ductus arteriosus can- 
not explain their reduced values. 

The decreased PaO, is not due to dis- 
turbance in diffusion since this has been 
shown to be normal in newborns (41). A 
right to left shunt through the foramen 
ovale appears to be an unlikely explanation 
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for the reduced PaO,. Although there is 
evidence (18, 23, 28) that a shunt occurs 
in some neonates during crying it has not 
been observed during quiet periods. We 
have made observations of PaO, during 
quiet followed by forced cry in 9 infants. 
In three there was a significant rise of 
PaO, (6, 14, 15 mm Hg) with crying; in 
three there was no change and in three 
a decrease of 10-18 mm Hg. These re- 
sults suggest that changes occurring with 
cry are due to changes in ventilation as 
well as possible shunting through the fora- 
men ovale or the ductus arteriosus. 

Many obstetricians and anesthesiolo- 
gists practice and teach the principle of 
having mothers breathe high oxygen con- 
centrations during the second stage of 
labor with the view to increasing the oxy- 
genation of the fetus and the newborn. 
Sometimes cited as evidence is the study 
of McClure (24) who observed a higher 
oxygen tension (mean 10 mm Hg) in um- 
bilical venous blood in a group of infants 
whose mothers received oxygen compared 
to a control group. The objection to this 
study is that umbilical venous rather than 
arterial blood was analyzed. It is, of course, 
the latter that perfuses the tissues. Our 
study of oxygen tensions and James’ 
of oxygen saturation (19) in arterial blood 
clearly demonstrate that continuous ma- 
ternal oxygen administration of up to one 
hour’s duration does not increase the in- 
fant’s PaO, at birth. Whether or not the 
fetus is better oxygenated by O, therapy 
cannot be answered by these studies. 

The failure of maternal hyperoxygena- 
tion to effect the infant particularly when 
it is considered with the acid-base disturb- 
ance at birth appears to be best explained 
by the concept that the delivery process 


results in asphyxiation (20, 21). In the 
normal infants delivered by vertex prese‘- 
tation the acid-base changes are essei- 
tially those of a pure respiratory acidosis. 
In depressed infants and, in our materi:l, 
infants born by cesarean section, a meti- 
bolic acidosis is superimposed. In the nor- 
mal babies the recovery from the acidosis 
was very prompt—occurring primarily in 
the first 10 minutes of life. In the section 
babies it took 21-40 minutes. James has 
pointed out that the recovery process is 
slower in more severely depressed infants. 
It may not only be slower but may assume 
a different pattern as well. Three infants 
who had serial blood collections developed 
respiratory disturbances. One of these 
developed, beginning at 20 minutes of age, 
typical clinical and, later roentgenological 
evidence of the respiratory distress (hya- 
line membrane) syndrome. At birth his 
acid-base balance was characterized by 
the most profound metabolic acidosis we 
observed in any of the infants in the 
study (Fig. 6). His initial ventilatory 
response, as evidenced by a rise in PaQ, 
and fall in PaCO, was quite normal and it 
was only at 1 hour that chemical evidence 
of disturbed ventilation was noted, hy 
which time he had nearly recovered from 
the metabolic acidosis. This infant had 
mild clinical manifestations and was com- 
pletely normal at 24 hours of age. In con- 
trast to this infant, 2 others with respir- 
tory depression at birth (one due to aspira- 
tion of amniotic fluid, the other of un- 
known cause) had a pure respiratory aci- 
dosis at birth; metabolic acidosis occurr d 
some minutes later (Fig. 6), presumal 'y 
as a result of a somewhat prolong d 
period of respiratory depression evn 
though both infants were resuscitat d 
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beginning within 2 minutes of delivery. 
Aithough the data are suggestive, more 
studies beginning at birth in infants who 
subsequently develop evidence of the 
respiratory distress syndrome are neces- 
sary before one can conclude that the pri- 
mary disturbance is metabolic rather 
than respiratory. 

The finding of hyperkalemia during the 
first hour of life adds to rather than 
settles the confusion on this point. James 
(21) and Reardon (29) have found only a 
slight elevation of potassium at birth 
in normal infants which is said to return 
to within normal limits within one hour 
although details have not been reported. 
Earl et al (11) reported a mean K concen- 
tration of 5.0 mEq/L in fresh placental 
venous blood. In contrast, Widdowson & 
McCance (45) observed a mean value of 
8.0 mEq/L (range 4.8-12.9) in umbilical 
venous blood obtained immediately after 
delivery. These discrepancies suggest tech- 
nical errors and, indeed, James has ob- 
served that the potassium concentration 
of umbilical venous blood obtained from 
the placenta rises sharply if there is a 
delay before the sample is obtained. 
However, this objection does not apply 
to these studies. It is well established that 
a fall in pH results in a shift of potassium 
from the cells to the extracellular space 
and a consequent rise in serum concentra- 
tion (13, 32, 37). This is true whether the 
reduction in pH is metabolic or respira- 
tory in origin. When pH is controlled 
profound changes in PCO, or CO, content 
do not cause a potassium shift (37). It is 
tierefore not remarkable that serum po- 
t:ssium concentration should be elevated 
ii) newborns. However it has been shown 
i animals that it takes 1-2 hours for 


peak serum levels to be reached after the 
initiation of acute acidosis and this obser- 
vation does not fit with the hypothesis 
that the period of asphyxiation is of short 
duration. Perhaps it is longer than we 
presently believe. 

Within the first hour potassium con- 
centration begins to fall as the pH rises. 
This effect has been shown to occur in 
dogs in whom the ureters have been li- 
gated and is due to a shift of potassium 
back into the cells (32). Pincus et al have 
observed modest elevation in potassium 
concentration (means of 6.1-5.4 mEq/L) 
in premature infants of varying weight 
groups in the first 24 hours of life (27). 
Furthermore, in infants 1-9 days of age 
the mean level was 4.9 mEq/L and in only 
2 to 15 infants was the concentration 
below the adult mean of 4.4 mEq/L (11). 
It thus appears that it may take several 
days for potassium to reach adult levels 
from the high levels noted at birth and in 
the first hour of life. Insofar as none of 
the infants manifested clinical evidence of 
hyperkalemia it is possible that they were 
protected by their coexisting hypercarbia 
(33). 

Usher (43) has emphasized that hyper- 
kalemia is a feature of the neonatal re- 
spiratory distress syndrome and has sug- 
gested a plan of management (44). His 
finding fits in well with the observations of 
a metabolic acidosis with further lowering 
of pH in this syndrome. 

Several differences between infants born 
vaginally and by cesarean section have 
been observed in this study. The decreased 
protein concentration in infants born by 
section has also been found by Reardon 
(29). The mechanism of this finding is 
unknown although she has suggested it 
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is due to hemodilution. A lower hemato- 
crit in these infants is not entirely un- 
expected since factors which appear to be 
operative in the “placental transfusion”’ 
including uterine contractions (39) and 
elastic recoil of the chest (22) are not 
operative in section infants. In addition, 
if hemodilution does in fact occur in these 
infants it would contribute to the lower 
values. Further study is clearly indicated. 


Summary 


1. Serial determinations of oxygen and 
carbon dioxide tension, pH, CO, content, 
sodium, potassium, chloride, magnesium, 
total protein and hematocrit beginning 
within 5 minutes of birth and continuing 
through the first hour have been per- 
formed in newborn infants. 

2. The data support the concept that 
the delivery process is invariably as- 
phyxiating whether delivery is vaginal or 
by cesarian section. Furthermore, the major 
recovery occurs within 10 minutes of 
delivery in healthy infants. 

3. Arterial oxygen tension was reduced 
throughout the entire period. Even though 
the mean arterial oxyhemoglobin satura- 


tion was within normal limits at one hour 
of age the mean oxygen tension remain«d 
low. The interpretation of these findings is 
discussed. 

4. The administration of high oxygen 
concentration to the mothers for periocs 
up to 30 minutes failed to effect the in- 
fants’ PaQ,. 

5. Evidence is presented for a right to 
left shunt through the ductus arteriosus 
when the newborn is quiet as well as 
crying. 

6. Serum potassium concentration was 
found to be considerably elevated in all 
infants. The mechanisms for this are dis- 
cussed. 

7. Differences in acid-base balance, 
serum protein concentration and packed 
cell volume between infants delivered 
vaginally and by cesarian section were 
noted. The explanation of these dif- 
ferences is not known. 
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From the Children’s Department and Pediatric Research Laboratory (Head: Professor 
Leif Salomonsen), University Clinic, Rikshospitalet, Oslo 


The Cellular Excretion in the Urine of Normal Newborn Infants 


by KJELL AAS 


The method of estimating the excretion 
of cellular elements in the urine as sug- 
gested by Addis (1) has been widely used 
since 1926, and his standards for adults 
are constantly referred to in the medical 
literature. Very few comprehensive studies 
of the urinary sediment from children have 
been published. In 1932 Lyttle first 
reported the Addis count in normal chil- 
dren (10). His study included 74 children 
between the ages of 4 and 12 years, and 
his method corresponded closely with that 
used by Addis with some modification of 
the strict fluid restriction. His results 
were in agreement with the standards for 
adults (Table 2). Counts of red cells and 
casts in the urine from 202 children were 
reported by Snoke (15), but he did not 
count epithelial or white cells. A study by 
Giles (4) included only 20 children. From 
the information given in her paper that 
‘in any case where bedwetting was sus- 
p:cted, the urine was discarded”, one may 
assume that the children observed were 
! yond infancy. Although none of the 
si idies mentioned here include the urine 
©* neonates, their results are referred to as 
s indards for infants as well as adults in 
s veral publications including textbooks 

urology. 

Stansfeld & Webb (17), James (7) and 

61173114 Acta Pediatrica Vol. 50 


others found the Addis count cumbersome 
to perform and impracticable for everyday 
use, and most workers in this field believe 
that counting low or high power fields is 
too inaccurate and crude to be accepted. 
Instead it has been advocated that the 
count should be done on uncentrifuged 
urine in a white-cell-counting chamber and 
the number of cells per cubic millimetre 
recorded (7, 17). By this method Stans- 
feld & Webb studied the urine of 632 
normal children; 127 boys and 75 girls 
were under one year of age, but very few, 
if any, were neonates (16), which also may 
be assumed from the statement “insig- 
nificant numbers of epithelial cells were 
present In neonates a fairly high 
proportion of renal epithelial cells is 
found in the urine sediment especially 
in the very first days of life. In two studies 
(3,11) it was found that the urine from 
male and female infants usually contained 
less than 10 cells per mm? and very rarely 
more than 50 cells per mm, whereas in 
older girls the upper limit of normal was 
set at 100 cells per mm? and 500 cells per 
mm, respectively. James (7), in a study of 
50 male and 50 female infants between 
the ages of 6 and 10 days, found that the 
urine usually contained less than 20 pus 
cells per mm?. 
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No exact information is available re- 
garding the normal cell excretion in the 
first days of life. Nevertheless such infor- 
mation is imperative for the discussion of 
urinary findings in pathological conditions 
in neonates. It is the purpose of this paper 
to discuss observations on the cell ex- 
cretion in the urine of normal newborn 
infants. Specimens of preformed urine 
collected during or within minutes after 
delivery as well as specimens obtained 
during the first week of life were studied. 


Material and Method 


Most urine samples were obtained in the 
of the University 
Clinic, Rikshospitalet. A few were obtained 
in a general practice. Only infants of healthy 
mothers with uncomplicated pregnancies 
and uneventful deliveries were included. 
Infants with respiratory distress of the sligh- 
test degree or with any known pathological 
trait excluded. The 
examined by a pediatrician specially as- 
sociated with the obstetric department, as 
well as by the author. The infants were fed 
according to modern principles of neonatal 
care (12). Only those with a normal weight 
curve and without signs of unphysiological 
dehydration were included in the study. 
A total of 380 specimens obtained at one or 
two day intervals from 114 male and 27 
female infants were studied. The preponde- 
males reflects the convenience 
of sampling. 


Obstetric Department 


were neonates were 


rance of 


A proportion of infants void immediately 
at birth, and alert midwives were able to 
collect These 
specimens were immediately stained for 
microscopic examination. Many infants void 
when unclothed, or when the suprapubic 
and perineal 


some samples in the air. 


regions are being cleaned. 
These specimens were easily collected for 
examination. Most samples, however, were 
collected over 12- and 24-hour periods. 
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In the boys a plastic colostomy bag with 
a central hole surrounded by adhesive 
was fitted around the penis after thorou sh 
cleansing of the skin and prepuce. To av: id 
artificial bleeding the prepuce was not 
withdrawn. In female infants a soft funiiel 
made from one-half of a rubber ear syrinze 
was fitted around the entire vulva and labia 
majoris after cleansing. The funnel was held 
in place by adhesive bands fixed to the 
abdomen and the gluteae, exerting a firm 
pressure especially on the perineum. It was 
made certain that the anus was entirely free 
and outside this elastic funnel. The plastic 
bag was then fixed around the outer opening 
of the funnel. When only examination of the 
sediment was to be performed a few drops 
of stain were placed in the bag before fixing 
in position, otherwise no stain was added at 
that time. The stain described by Stern- 
heimer & Malbin (18) was used. A few drops 
of formaldehyde were also added to secure 
good fixation of the cellular elements. 

The plastic bag was in position for a few 
hours, 12 hours or 24 hours according to 
purpose. The bag was emptied at intervals 
without being removed by cutting a hole 
which was sealed afterwards with adhesive 
bands. 

Examination of all urines included pH, 
specific gravity, protein and sugar in addi- 
tion to examination of the sediment. In 
some infants additional urinary studies 
(electrolytes and amino acid excretion, «s 
well as capillary blood analyses of NPN, 
creatinine, hematocrit, electrolytes and CR!’) 
were performed. These results will subse- 
quently be published (5). Catheterization of 
female infants was not performed. It wis 
felt that the use of the catheter should |:c 
restricted to more imperative occasions (2). 
The risk of contamination of the urii¢ 
by leucocytes from the vulva is_ rel.- 
tively low in newborn female infants (4 
although it is significant in some cas¢:. 
Two girls with slight physiological vagin 
bleeding on the 5th and 8th day after bir 
were excluded from the present materi: 
Hematuria which can appear in normal bo 
was not observed in this study. Because t 
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sainpling from female infants was complica- 
ted by leaking at the perineal rim only males 
were used for timed urine collections. 

‘he urine sample was thoroughly mixed, 
following which 5 or 10 ml were centrifuged 
for 5 minutes at 2000 r.p.m. The supernatant 
was decanted leaving a final volume of 0.1 
the initial volume. One or two drops of stain 
were then added and shaken. The specimen 
was then allowed to stand for 15-30 min- 
utes before examination. If kept longer the 
stained specimen was stored in a refrigerator 
at +4°C. The sediment was re-mixed, then 
counted in a white-cell-counting chamber 
under both low and high power as well as 
by phase contrast in most instances. 

The stain was used to ensure good fixa- 
tion of the organic sediment, and also to 
distinguish the cell structures. It was espe- 
cially valuable in the differentiation between 
leucocytes and renal epithelial cells (non- 
squamous epithelial cells). This differentia- 
tion is difficult and very often an impossible 
task even for experienced investigators (9). 
In this study differentiation was attempted 
by tabulating the cells in three categories: 
typical non-squamous epithelial cells of 
renal type, typical leucocytes, and cells of 
more uncertain structure. Often the last 
category was predominant. The total of the 
three categories was tabulated; epithelial 
cells other than those of assumed renal 
origin were not counted. All counts were 
performed two or three times and the mean 
tabulated. 


Results 


The results obtained from examination 
of the specimens from the 141 infants are 
illustrated in Fig. 1. One girl was omitted 
from the study because of a leucocyte 
coiint which exceeded 1500 cells per 
A catheterized specimen contained a 
nwnber of cells similar to that found in 
most of the other infants and she was 
sui:sequently found to have a purulent 
va initis. The sediment counts from the 


other female infants did not differ ap- 
preciably from the males. Vaginal epithe- 
lial cells were present, but the leucocyte 
counts were not among the highest ones 
in this series of neonates. Accordingly sex 
differentiation was not pointed out in the 
figure. The average number of cells excre- 
ted in the preformed urines was 10 per 
mm? and the highest number was 30 per 
mm, One specimen was devoid of leuco- 
cytes and epithelial cells, although two 
erythrocytes were present. Most specimens 
contained 0-4 erythrocytes per mm. 
Casts were found in six cases. In one 
specimen two casts were noted, while the 
other five contained only one cast per 
mm. The casts were of the hyaline type 
with or without epithelial cells or cell 
debris incorporated. The specific gravity, 
pH, albumin and sugar content were simi- 
lar to those found by others in preformed 
urines (14). 

The great variance between infants in 
the combined counts of white and epithe- 
lial cells is clearly illustrated in Fig. 1. 
Both the average for each day and the 
normal range are tabulated in Table 1. 
No specimen was free of cells, in contrast 
to what has been observed by others (1, 
4, 10). This is probably because the ex- 
amination was performed on centrifuged 
urine in this study. Centrifuging here gives a 
tenfold greater chance of discovering cells 
in the 0-10 cell per mm? range than does 
examination of uncentrifuged urine. For 
the first few days of life renal epithelial 
cells outnumbered the leucocytes in most 
infants. At the end of the first week the 
leucocytes tended to equal or outnumber 
the epithelial cells. The proportion between 
them could not be calculated because the 
uncertain group, “leucocytes or epithelial 
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Fig. 1. Sum of epithelial cells and leucocytes excreted per cubic millimetre. = voided at birth, 
preformed urine, @ other specimens. 
cells’ was dominant in a majority of magnified when the cell excretion is «x- 


counts. An example of these variations is 
illustrated in Table 3. Great variability in 
counts from specimen to specimen was 
and is 


each individual, 


observed in 


pressed as an Addis count. 

The objections to the Addis count 
which have been made by several authors 
(6, 7, 17), also apply when the methoc is 
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TABLE 1. Total leucocytes and non-squamous epithelial cells excreted per cubic millimetre 


of urine. 
Preformed 
Day urine 1 2 3 4 5 6 7 
Average 10 78 65 67 56 43 37 26 
Range 0-30 3-397 -357 8-185 13-176 7-140 7-174 4-94 
Number of specimens 33 45 59 50 42 45 37 21 


adjusted for infants. Voiding is uncon- 
trolled and appears at irregular intervals; 
furthermore, it is uncertain whether the 
bladder is completely emptied or not at 
each voiding. In addition the urine output 
is very variable. Some infants retain the 
urine in the bladder for long periods 
making considerable intravesicular cell 
lysis possible. A proportion of infants do 
not void at all in the first 48-72 hours of 
extrauterine life (19). Timed sampling is 


| impossible without repeated catheteriza- 


tion. This difficulty was exemplified in one 
infant, who, during the 12-hour sampling 
period, voided only 4 ml. Just as the bag 
was removed and he was being washed he 


urinated 21 ml. The few minutes added to 
the sampling period would increase the 
Addis count six fold! In order to compare 
the sediment counts in the present study 
with those done by others, the Addis 
count has been calculated for infants 
from whom the collection procedure was 
optimal (Table 2). 

The daily urine volumes computed from 
12-hour periods, and partly by sampling 
for 24 hours are found in Table 4. When 
the results are compared with those of 
Thomson (19), a remarkable conformity is 
found. With the normal range in mind, it 
is understood that computing the 12-hour 
secretion of cells from theoretical volumes 


TABLE 2. The range and the average Addis sediment counts of cells and casts in the urine 
from newborn infants compared to those of normal children and adults. 


R=range, A= average. 


Leucocytes and 


Series renal epithelial cells © Erythrocytes Casts 
Addis (adults) R 32,000-1,835,000 0-425,000 0-4270 
A 322,000 65,750 1040 
Lyttle (74 children) R 9000-2,822,000 0-120,000 0-12,916 
A 322,184 15,181 1085 
Snoke (202 children) R 0-800,000 0-29,000 
A 81,000 1230 
G les (20 children) R 9000-714,000 0-438,000 0-6350 
A 329,000 61,325 1175 
Author (119 specimens first 6 days) R 42,000-13,500,000 0-630,000 0—440,000 
A 1,865,529 90,219 12,852 
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TABLE 3. Serial sediment counts from one male infant. 


Day 
Cell type 0 2 3 5 7 
Leucocyte ] 30 4 9 6 
Non-squamous (renal) epithelial 3 48 27 6 3 
Uncertain 5 13 20 7 : 
Total 9 91 5] 22 12 


TABLE 4. Average and range of daily volume of urine. Computed from 12-hour and 24. 
hour specimens. The corresponding figures of Thomson (19) in brackets. 


Volume Range Number of 
Day ml ml infants 
l 16.8 (19.5) 0-68 (0-68) 32 (35) 
2 34.1 (20.6) 0-84 (0-82) 30 (29) 
3 63.8 (36.0) 0-71 (0-96) 27 (26) 
4 86.4 (64.8) 14-160 (5-180) 27 (26) 
5 125.6 (103.3) 44-216 (1-217) 17 (23) 
6 134.8 (124.5) 14°-260 (42-268) 16 (19) 


? 12-hour specimen; the next lowest was 40 ml in 24 hours. 


as done by Snoke in his study (15), will 
give erroneous results in neonates. Ac- 
cordingly, it is not attempted in the 
present paper. 

Of the 
contained 


380 specimens examined, 145 
erythrocytes. Red blood cells 
were most abundant during the first days 
of life and subsequently declined in num- 
ber. After the first week they were sparse. 
In dilute and alkaline urines erythrocytes 
disintegrate very quickly, making the 
examination of the newly voided urine 
imperative unless fixation is used. This 
also applies to casts. Casts were found in 
almost every specimen. They were mostly 
of the granular type, or hyaline with epi- 
thelial cells or cell debris incorporated. 
Occasional epithelial casts were seen. In a 
few casts one or two typical leucocytes 
were found incorporated side by side with 


renal epithelial cells. Three infants with 


such casts were followed for 8-14 weeks. 
No sign of renal disease or urinary infec- 
tion was found, the infants thrived per- 
fectly and all follow-up urine specimens 
have been normal. The Addis counts for 
erythrocytes and casts in the newborn 
infants are compared with the similar 
figures published by others (4, 10, 15) in 
Table 2. 

The method of counting the cells in a 
hemocytometer was compared with the 
more conservative method of judging the 
cell excretion by high-power field micros- 
copy (Table 5). In the present study tiiis 
comparison applies to centrifuged urine. 
Conformity is found with the resu'ts 
published by Stansfeld & Webb (17), wo 
studied uncentrifuged urine. 

Some specimens were studied to det: r- 
mine the degree of cell lysis which oceurr:d 
when the urine remained in the plas‘ ic 
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TABLE 5. Comparison of cell excretion expressed in cells per mm? to high-power field 
microscopy. 


Cells per 


Cells per h.p.f. 


400- 
200-400 
100-200 


50-100 
20- 50 
20 


10-50 (numerous, heaps) 
8-30 
5-20 
2-10 
0— 1, oceasional 
None, occasional 


TaBLE 6. Number of cells remaining intact after 3,6, 12 and 24 hours. Unstained speci- 
mens at body temperature. Stained specimens at + 4°C. 


Hours 

Speci- S = stained 
men U = unstained 0 3 6 12 24 
A.N. Ss 22 21 23 20 
U 22 17 18 15 9 
24 27 23 23 
U 24 23 19 14 10 
E.E Ss 339 353 299 320 
U 339 311 254 173 
M.P. 62 60 65 6, 
U 62 55 38 21 
BP Ss 94 91 91 108 99 
U 94 70 64 57 


bag for some time. Specimens were ob- 
tained immediately after voiding. Five 
m! were examined and the remaining urine 
was placed in a plastic bag close to the 
infant beneath the diaper. Other speci- 
mens were stored at 37°C. At intervals of 
3, 6, 12 and 24 hours 5 ml aliquots were 
examined. The progress of cell lysis after 
staining and storing in a refrigerator at 

tC was studied in a similar way. The 
re-ults of the lysis study are found in 
T: ble 6. The cells undergo a very signifi- 
ca t lysis when kept in the plastic bag at 
bly temperature. A similar process of 


cell lysis also probably occurs when the 
urine is retained in the bladder. Disinte- 
gration progresses were fastest in eythro- 
cytes and hyaline casts. The epithelial 
cells were the most resistant. The lysis 
was most prominent in dilute urines and 
at a high pH. The degree of lysis in un- 
stained specimens corresponded fairly 
well with that found by Houghton and 
Spears in urine from adults (6). The cells 
were not influenced much by lysis when the 
urine was stained as described and stored 
in a refrigerator. This is a practical point 
for the clinician who is not always able to 
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study the urine specimen under the micro- 
scope immediately after the specimen is 
produced. For studies of urine sediment 
only, a few drops of stain may be placed 
in the bag before it is positioned. 


Discussion 


It has long been known that the urine 
of the normal newborn infant contains a 
higher proportion of cells and casts than 
that found in older children and adults 
(3,11). This is confirmed by the present 
study. It was also observed that the sedi- 
ment count in normal neonates often 
exceeds the limits for children and adults 
established by earlier investigators. This 
is true for erythrocytes and casts and 
even more so for leucocytes and non- 
squamous epithelial cells assumedly of 
renal origin. In the first days after birth 
the infant’s urine is rich in non-squamous 
epithelial cells which are believed to 
originate from the lining of distal tubules 
and collecting ducts. The abundance of 
such cells in the urine is probably a result 
of a rapid growth of the epithelial lining 
with a lively replacement of cells. The 
presence of numerous leucocytes suggests 
that blood cells enter the lumen through 
the epithelial lining, possibly through small 
transient defects in this lining under 
normal conditions. The demonstration of 
leucocytes in casts from some neonates 
proves that at least some leucocytes enter 
the urine proximal to the collecting tubes, 
as these casts were not of the broad type. 
In older children and adults the presence 
of leucocytes in casts is suggestive of a 
pathological condition (9, 13). In neonates, 
however, the passage of leucocytes through 
the epithelial lining is probably made pos- 
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sible by the exfoliation and renewal >f 
cells at this age. 

It is now generally accepted that seci- 
ment counts of more than 100 cells per 
mm? are highly suggestive of renal disea:e. 
Counts of 20-100 cells per mm? induce 
suspicion of a pathological condition aid 
necessitate repeated examinations. Counts 
of 20 cells per mm or less are considered 
normal (6, 7, 16). These limits do not apply 
to the sediment counts in the urines of 
neonates. In the present study more than 


20 cells per mm? were found in the major- | 


ity of specimens examined. One hundred 
and thirty-nine specimens contained more 
than 50 cells per mm’, and of the 380) 
specimens examined 43 contained more 


than 100 cells per mm3. Only seven counts | 


exceeded 200 cells per mm*. The infants 
with extraordinarily high sediment counts 
were followed closely for 10 to 15 days. 
All counts fell to average values during 
this time and it was not possible to dem- 
onstrate pathological traits in any of the 
infants. There is evidence, however, that 
both intrauterine asphyxia and perinatal 


asphyxia may induce transient renal | 


damage with increased cell excretion into 
the urine (5, 8). It is possible that a milder 
degree of hypoxia of some duration has a 
similar effect on the fetal kidney. Con:i- 
tions with a moderate fetal hypoxia may 
be concealed during the pregnancy. The 
highest sediment counts in the present 
study suggest that some intrauter ne 
renal damage occurred in these infan:s. 
Uric acid infarctions might possibly play 
a part, although no correlation could e 
found between the amounts of organic a id 
inorganic sediment in the present stuc y 

The sediment counts are usually at t ie 
highest levels in the urines formed shor’ 'y 
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after birth. There is a fast decline in num- 
ber of cells and casts excreted during the 
first 6 to 10 days of life, and after this 
period the number of cells found is similar 
to that reported in studies of older infants 
and children. Normal birth is probably 
accompanied by some shock reaction in 
the infant’s organs. Theoretically transient 
hypoxemia of the renal tissue caused by 
the birth process may be an important 
mechanism in the high sediment counts. 
In the present study there was no relation 
between the sediment counts and the 
duration of labour. No comparisons of the 
oxygen saturation of the infant’s blood 
during and after delivery have been per- 
formed and thus no certain conclusion can 
be reached in this regard. It is equally 
tempting to suggest that the increased cell 
excretion is more the result of rapid tissue 
renewal in the tubule linings rather than 
changes induced by the “shock”’ of being 
born. The low content of cells found in the 
preformed urines is probably the result of 
intravesicular cell lysis in the diluted fetal 
urine. 

Three infants delivered by cesarean 
section before labour had started were fol- 
lowed, although omitted from the material 
of normal infants. The sediment counts of 
these infants were all close to the average 
found in the present material. 
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The ranges of the normal Addis count 
for children and adults by earlier investiga- 
tors (1, 4, 10, 14) are too narrow for new- 
born infants. In addition to being cum- 
bersome to perform, the Addis count suf- 
fers from great inaccuracies due to sam- 
pling difficulties in infants and is not to be 
relied upon. The method of expressing the 
sediment excretion in cells per cubic mil- 
limetre is more reliable. A combination of 
the two gives the best information of the 
sediment quantities. The standards given 
for newborn infants in the present study 
will provide a better foundation for com- 
parison of such sediments in health and 
disease. 


Summary 


Urine sediment counts were made in 
380 specimens collected from 114 male 
and 27 female infants during the first 10 
days after birth. In some the Addis counts 
were calculated. This method is considered 
inaccurate and erroneous in infants, how- 
ever, and it is advocated that the findings 
should be expressed in cells per cubic 
millimetre. The counts found in the normal 
newborn infants are tabulated and the 
results are discussed. The range of normal 
sediment counts found exceeds that set 
for older children and adults in earlier 


publications. 
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Serum-total and L(+-)-Tartaric-acid-inhibited Acid-phosphatase 


Activity in Various Diseases in Childhood’ 


by ZVI LARON and AVIVAH KOWADLO 


In 1937 Gutman & Gutman demon- 
strated the presence of acid phosphatase 
serum and found increased 
with 


prostatic carcinoma. Since then occasional 


in human 
activity in patients metastasing 
increased activity has been reported in 
adults in other diseases, such as Paget's 
disease (13), hyperparathyroidism (16), 
(8), (3, 6), 
Gaucher’s disease (23) and gonadal dys- 


osteoporosis liver disease 


genesis (7). In children in whom the normal 
serum acid-phosphatase activity is higher 
than adults (18), increased 


in serum 


activity of this enzyme has been reported 


in rare instances of osteopetrosis (24), 
osteogenesis imperfecta (10, 21), Niemann— 
Pick’s disease (14) and more recently in 
Gaucher’s disease (5). 

In the present investigation serum- 
total 


phosphatase activities have been meas- 


and_tartaric-acid-inhibited acid- 


| ured in children suffering from a variety 


| of diseases with the aim of defining under 


‘hich conditions the activity of these 
nvvmes is altered in childhood. 


Subjects and Methods 


hildren from the Pediatric Depart- 


me it and Pediatric Metabolic and Endocrine 


This study was supported by a grant from 


the General Federation of Labour. 


Clinic were studied. Blood was taken from 
the antecubital vein and the serum was 
separated within one to two hours. Hemoly- 
zed samples were discarded. Acid-phospha- 
tase activity was determined immediately 
or after storage in the deep freeze for periods 
not longer than 3 days. According to our 
experience, storage did not alter the enzyme 
activity. 

Serum-total acid phosphatase (TAP) was 
determined by the method of King (15), 
slightly modified as described previously 
(18), L( +)-tartaric-acid-inhibited acid phos- 
phatase (TIAP) was determined according to 
Fishman & Lerner (9). The normal 
values obtained in our laboratory for TAP 
age 1 year, 5.23 KAU +1.26 (SD); 
2-8 years, 4.63 KAU+0.93 (SD); 8-13 
years, 4.92 KAU +0.98 (SD); TIAP for all 
ages, 0.21 KAU +0.28 (SD). Alkaline phos- 
phatase was measured in Bodansky units (2). 


mean 


are: 


Results 


The overall results of the TAP and 
TIAP measurements obtained are graphi- 
cally shown in Figs. 1 and 2 and analysed 
for the various diseases in Tables 1-2. 


Rheumatic fever 
Twenty-four children suffering from 
acute rheumatic fever were studied either 
before or during the first days of treat- 
ment (Table 1). With one exception the 
laboratory data in all cases pointed to 


; 
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TABLE 1. Serum acid-phosphatase activity in children with acute rheumatic fever. 


Tartaric-acid- 


Total acid- inhibited acid- ESR 
Age, phosphatase, phosphatase, Ist 
Patient years Sex KA units* KA units? hour CRP Weltman 
6 F 5.6 0 46 
2. K.B. 6 F 3.6 0.8 115 -— l 
3. J.M. 7 M 5.5 1.2 98 — 3 
4. A.B. 8 M 7.3 0.9 — _ - 
5. LK. 8 M 6.7 1.2 30 as 5 
6. M.C. 8 M 5.9 0 138 -— l 
7. M.M. 8 M 4.5 0.5 — — — 
8. R.M 8 M 6.5 0.3 45 0 — 
9 M 5.7 1.5 60 3+ 
10. H.S. 9 F 2.9 0.5 118 4+ 4 
10 F 7.3 1.5 120 2+ ] 
12. R.G. 10 F 3.4 0.2 138 — 0 
13. E.F. 10 F 3.9 0 35 0 5 
4. LT. 10 M 5.7 2.3 102 4+ 0 
15. DS. 10 M 6.4 2.0 130 = 0 
16. E.S. 10 M 4.9 3.1 115 4+ l 
1] M 3.4 0.2 - 
is. Y.Z. 11 M 4.9 0 66 ot 3 
19. G.R 11 M 7.4 2.7 3 1+ - 
20. C.M. 11 M 0.4 — - 
11 M 7.0 1.8 95 
22. G.S. 11 F 5.3 1.3 94 — _- 
23. E.S. 12 F 7.8 2.0 100 — 
24. D.P. 12 M 7.1 - 63 3+ 


* Mean 5.6, +1.66 (SD). 

> Mean 1.1, +0.94 (SD). 
rheumatic activity, as indicated by the 
ESR, and Weltman reactions. 

In 10 children (41%) the activity of 
TAP was within the range of the normal 
mean + 1 SD; in most of them, however, 
it was higher than the mean. In 10 ad- 
ditional children the TAP activity was 
more than 1 SD from the mean; and in 
five instances (21%), more than 2 SD 
higher. In four cases (16.5%) the activity 
was more than 1 SD below the mean. 
The mean TAP activity in rheumatic 
fever was 5.6 KAU+1.66. Compared 
with the normal mean in the age groups 
6-13 years, the difference was not signi- 
ficant (¢ = 1.93; P <0.1). 

TIAP activity was measured in 23 in- 
stances. In 10 children (43%) it was 


within the range of the normal mean + 
1 SD. In 13 children (56%) the TIAP 
activity was more than 2 SD higher than 
the normal mean. The mean activity was 
1.1 KAU + 0.94 and its difference from the 
normal mean was statistically significant 
(¢ =4.2; P <0.001). 

The elevation of TAP was not accom- 
panied by elevation of TIAP in all the 
cases; in a few instances increased activity 
of TIAP was found when the activity of 
the TAP was within the normal range. 

In seven children repeated serum «na- 
lyses were made during and after tr:at- 
ment; in six of them both the TAP «nd 
TIAP activities decreased one to wo 
weeks after institution of therapy. 
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2 TABLE 2. Serum acid-phosphatase activity in children with bone disease. 
Tartaric-acid- Alkaline 
Total acid- inhibited acid- phosphatase, 
— Age phosphatase, phosphatase, Bodanky 
i “| Patient years Sex Diagnosis KA units KA units units 
1. C.B. 3/12 Rickets 11.3 1.1 21.4 
3 2. A.C. 3/12 M Rickets 4.8 0.3 — 
= 3. Z.C 4/12 M Rickets 5.1 0.2 29.6 
5 4. 8.G 4/12 F Rickets 3.9 0.3 18.4 
24 
= 5. T.A 5/12 F Rickets 9.7 == 14.8 
= 15 
1 6. LS 5/12 M Rickets 5 0.1 18.7 
4 24.6 
1 q 1G. 7/12 M Rickets 3.3 0 10.8 
8. SJ. 10/12 M_Rickets 5.5 4 
5 (healed) 
4 9. A.L 11/12 M _sRickets 2.5 jst 31.6 
0 10. MLN 1/365 F Hypocalcemia 5.1 0 5.2 
1. M.S.* 3/12 F Osteogenesis imp. 7.2 2.4 — 
12. D.B 14/12 M Familial dys- 
3 chondroplasis 
i3: BP. 6 F Multiple mal- 6.0 0 
: formations of 
spine 
ee 14. M.H. 8 F Dyschondro- 5.5 1.8 9 
plasia 3.1 
15. B.G 9 M Bone cyst 3.5 aoe 5 
eee 10 F Mult.cong. 4.8 — 13.6 
osseous mal- 
formations 
17. N.S. 11 M Osteophytes 5.4 0.3 — 
an + 
PT AP 
than 
oe Bone diseases TAP as well as TIAP have been deter- 
tii In nine infants with rickets (Table 2) mined also in various other diseases as 
‘cant | serum TAP activity was markedly in- Shown in the Figures | and 2. 
creased in two and lower than 1 SD below : ; 
com-| the mean in three cases, being within the Discussion 
| the} range of mean+1 SD in the remaining. Acid phosphatases are widely distrib- 
ivity | T!AP determined in six infants was ab- uted enzymes (25) but our knowledge is 
-. of | normally elevated in only one instance. scant concerning their metabolic role in 
ge. Serum alkaline-phosphatase activity normal and pathological states (26). 
ena-| Was elevated in six of the children, but Using different substrates and inhibi- 
reat-| there was no correlation with any of the _ tors, an attempt was made to differentiate 
and} acid phosphatases. Among other bone _ several acid phosphatases: the prostatic 
wo| diseases, one 3-month-old infant with phosphatase is inhibited by L(+)-tar- 
0: teogenesis imperfecta exhibited increas- _ taric-acid (21); erythrocyte acid phospha- 


e' activity of both TAP and TIAP. 


tase is inhibited by formaldehyde (6), 
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Fig. 1. Serum-total acid-phosphatase activity in a variety of diseases in childhood. The normal mean 
is applicable to all groups besides ‘“‘rickets”’. Since this disease occurs in infants under the age of one 
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year, the normal mean is slightly higher. 
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Fig. 2. Serum L( + )-tartaric-acid-inhibited acid phosphatase in a variety of diseases in childhood. 


and cupric ions (22) and the acid phospha- 
tase of the serum from patients with 
Gaucher’s disease is inhibited mainly by 
fluoride (5). The last-mentioned phospha- 
tase also splits only disodium phenyl 
phosphate substrate but not beta-gly- 
cerol phosphate. Certain studies make 
the above classification questionable; for 
example, tartaric-acid-inhibited acid phos- 
phatase has been found in tissues other 
than the prostate and in the serum of 
both human and animal females (9, 17, 


18). The present study also bears on these 
facts. 

During the process of growth, infants 
and children have a higher serum acid- 
phosphatase activity than aduits (13). 
This was demonstrated by using as sub- 
strate disodium phenyl phosphate but 
was not evident when beta glycero- 
phosphate was used (11). 

Only occasional reports have been made 
of increased serum acid-phosphatase act v- 
ity in children. These observations ccn- 
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SERUM-TOTAL ACTIVITY IN VARIOUS DISEASES 


cern: few cases of osteopetrosis and osteo- 
genesis imperfecta (24, 10). Recently a 


rise of serum-total acid phosphatase has 


been observed in Gaucher’s disease (5). 
No mention of acid-phosphatase activity 
decreasing below normal range is made in 
any of the reports. 

In the present investigation it was noted 
that 
phosphatase in the conditions listed below 
was greater than that found in normal 


the variation of serum-total acid 


children, i.e. in acute rheumatic fever, 
diseases of the lungs, kidneys and bones. 
Occasional increased activity in kidney 
and bone disease has been encountered 
in adults (6, 8, 13). A most interesting 
finding was the high incidence of increased 
total and tartaric-acid-inhibited acid phos- 
phatase in children with acute rheumatic 
fever. Although no explanation for these 
observations is at hand at the present 
time, it seems that the phosphatase activ- 
ity is linked to the disease process. The 
fact that the high acid-phosphatase activ- 
ity decreased in a few instances during 
clinical improvement supports this as- 
the decrease of 
enzyme activity occurred with either 


sumption. Moreover, 
salicylate or prednisone therapy. 

Although slightly decreased activity 
was observed in many of the disorders 
studied, marked decrease in activity of 
seruin acid phosphatase was observed in 
som« cases of growth retardation, nephri- 
tis and one patient with rickets. 

Tie source of the serum phosphatases 
in ‘oth normal state and pathologic 
citions is not yet clear. It is worth 

‘oning that acid phosphatase is also 
pres-nt in other body fluids and an in- 
‘d activity of this enzyme in CSF 
een found in certain neurological 


375 


disorders, both in adults (4) and in 
children (19). Pleural and ascitic fluid 
in children were also found to contain 
increased activities of acid phosphatases 
under certain circumstances (20). 

As in previous observations (18), no 
correlation between serum acid and alka- 
line phosphatase was found, even in those 
patients who, suffering from rickets, had 
high activity of the alkaline phosphatase. 

The question why only a certain pro- 
portion of cases of a particular disease 
show a deviation from the normal range 
of activity of serum acid phosphatases 
remains unanswered until more data are 
accumulated and better knowledge con- 
cerning the metabolic role of these enzy- 
mes is available. 


Summary 


Serum-total acid phosphatase (TAP) 
and L(+ )-tartaric-acid-inhibited acid- 
phosphatase (TIAP) activities have been 
determined in 95 and 55 children respec- 
tively, suffering from a variety of diseases. 
It was found that in a certain number of 
children with rheumatic fever, diseases 
of the liver, lungs, kidneys and bones 
the variations in total-serum acid phospha- 
tase were considerably greater than in 
normal children. The activity of TIAP 
was significantly increased in rheumatic 
fever. 
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Time Intervals in the Electrocardiogram of Healthy Infants 


by ERIC N. COLEMAN 


A substantial difference exists between 
the electrocardiogram of the child and 
that of the adult (16). Some investigators 
have described the variations in the electro- 
cardiogram throughout childhood (5, 12, 
23) while others have paid particular 
attention to its variations during infancy 
(7, 11, 17). These descriptions make it 
clear that the greatest amount of variation 
in the electrocardiogram of the healthy 
child takes place during the first year of 
life, and for this reason normal or average 
standards must be known so that the 
abnormal may be recognized. 

This investigation is concerned only 
with the length of waves and intervals in 
infancy. It was prompted by difficulties 
encountered in the interpretation of 
changes accompanying electrolyte disturb- 
ances, particularly in idiopathic hyper- 
calcaemia of infancy (6). The investigation 
was confined to the standard limb leads 
in the belief that these should supply 
adequate information when evidence of an 
el -trolyte disorder is being sought. More- 
over, greater knowledge of normal meas- 
ur ments might be expected to increase 
th value of the limb leads especially in 
th outpatient department where prae- 
co ‘lial leads may be difficult to record, 
pe*ticularly if a photographic electro- 
ca diograph is used. 


to 
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Material and Methods 


One hundred subjects were examined, 
twenty-five in each quarter of the first year 
of life. Fifty-eight were boys and forty-two, 
girls. They were examined during visits to 
the Child Welfare Clinic at the hospital. 
None showed clinical evidence of heart dis- 
ease and in none was there any reason to 
suspect a disorder of mineral metabolism. 

From ten subjects two electrocardiograms 
were obtained at an interval of 10 to 18 
weeks. The measurements used for analysis 
were taken from the second electrocardio- 
gram but certain comparisons were made 
between the two records. 

The electrocardiogram was recorded with 
the infant in the recumbent position. No 
sedative was given. The standard limb leads 
were recorded simultaneously by means of a 
photographic electrocardiograph which was 
standardised so that a current of one milli- 
volt produced beam deflections of one centi- 
metre. 

Measurements were made of the length of 
the cardiac cycle (RR’ interval), P wave, PR 
(PQ) interval, QRS complex, T wave and 
QT interval and expressed to the nearest 
0.01 second. The heart rate was calculated 
using the length of the cardiac cycle, and if 
its length varied an average value was taken. 
The PR interval was measured in standard 
Lead II. Difficulty was sometimes experi- 
enced in separating the T wave from the ST 
segment. The wave was held to commence 
where the even course of the ST segment was 
interrupted by a distinct change in direction 
or angulation, and this determination was 


— 
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facilitated by comparing the synchronously 
recorded leads. Where the length of the P 
wave, QRS complex or T wave varied from 
lead to lead it was measured in that lead in 
which it was longest. When the length of the 
QT interval varied an average value was 
calculated. The measured QT interval was 
corrected to compensate for the influence of 
heart rate by the application of Bazett’s 
equation (4), and the term QTc used to 
designate the resulting value; this calculation 
was made by slide-rule. 

The length of the ST segment was obtained 
by subtracting the sum of the QRS complex 
and the T wave, measured in the lead in 
which they were longest, from the average 
QT interval. Thus subsequent calculations 
were based on the shortest ST segment as 
recommended by Ashman & Hull (3). 

The range, arithmetic mean and standard 
deviation of the mean (S.D.) of the heart 
rate and intervals were calculated for each 
3-month period and for the entire sample. 
Correlation coefficients (r) were calculated 
for the P wave, PR interval, QRS complex, 
T wave, QT interval and ST segment against 
heart rate (beats/minute) and age (weeks). 
These were tested for significance. 


Results and Discussion 


Heart Rate 
The lowest and highest heart rates were 
102 per minute at the age uf 40 wecks and 
207 per minute at the age of 2 weeks. The 
mean rate for the entire sample was 141 
per minute, but in the fourth quarter the 
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mean rate was 20 beats per minute ess | 
than in the first quarter (Table 1). An 
unexpected finding was that the mean i ate 
in the third quarter was less than in ‘he 
fourth. Nevertheless a highly signific:nt 
negative correlation (p<0.01) of heart 
rate with age was disclosed (r = — 0.2921). 

In 47 subjects the heart rate was 
between 120 and 139 per minute and in 
80 between 100 and 159 per minute. Of 
the 20 subjects whose heart rate was 160 
or over, 11 were less than 3 months old | 
and 6 were between 3 and 6 months oid. 

It is obvious that these heart rates can- 
not be regarded as basal or resting values 
because some subjects were excited by the 
disturbance inherent in the recording 
procedure. Nevertheless, as Ziegler (23) 
has pointed out, such measurements give 
a useful indication of the wide range 
through which the heart rate may vary 
in health. No one would deny that the 
heart rate should be counted during sleep, 
but in infancy this is not always practi- 
cable. The practice at this hospital is to, 
make the count by auscultation rather 
than by palpation of a peripheral pulse 
which is not only less accurate but some- 
times impossible. The disadvantage of 
auscultation is that the baby is often awake 
and restless by the time the praecordivm 
is exposed. 


TABLE |. Heart rate (beats per minute) and mean values of cardiac cycle (seconds). 


Arithmet 
mean oi 
No. of Range of Arithmetic cardiac ) 
Age group observations observations mean 8.D. cycle 
2 weeks-3 months 25 118-207 155.6 23.32 0.39 
3-6 months 25 118-200 143.2 21.47 0.42 
6-9 months 25 115-182 130.5 13.52 0.46 
9-12 months 25 102-200 135.6 22.88 0.44 
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TABLE 2. P wave (seconds). 


No. of Range of Arithmetic 
Age group observations observations mean SoD. 
2 weeks-3 months 25 0.04—0.07 0.058 0.0060 
3-6 months 25 0.06-0.08 0.066 0.0071 
6-9 months 25 0.06-0.08 0.066 0.0057 
9-12 months 25 0.06—0.08 0.069 0.0122 
2 weeks—12 months 100 0.04-0.08 0.065 0.0081 


Published figures for the heart rate of 
healthy infants show wide differences but 
a feature common to most is a declining 
rate with increasing age. 


Arrhythmia 


Sinus arrhythmia was the only disturb- 
ance of rhythm encountered. The diag- 
nosis, based on the criterion proposed by 
Krumbhaar & Jenks (14), was made only 
if the greatest difference between cardiac 
cycles was 0.1 second or more. Five ex- 
amples were found. The subjects were 4, 
7, 9, 10 and 11 months old, and had 
average rates of 128, 120, 102, 110 and 
133 per minute, respectively. The infre- 
quency of sinus arrhythmia in this sam- 
ple lends support to the opinion of sev- 
eral authors, including Lincoln & Nicol- 
son (15), that this arrhythmia is less com- 
mon in infancy than in later childhood 
and that its incidence rises as the heart 
rate falls. 

The infant with sinus arrhythmia at 
the age of 10 months had been examined 
11 weeks before. In the earlier record the 
difference of 0.04 second between cardiac 
cyc'es was insufficient to permit a diag- 
no's of sinus arrhythmia. There was little 
dif’ rence between the average heart rates 
of ‘he two records (115 in the first, 110 in 
th: second), and this suggests that slowing 


corte 


of the pacemaker is not the sole factor 
causing sinus arrhythmia. 

A difference between cardiac cycles of 
less than 0.1 second was found in 69 
electrocardiograms, but unlike true sinus 
arrhythmia the incidence was not sub- 
stantially greater in older infants. There 
were 17 examples in the first quarter, 16 
in the second, 19 in the third and 17 in 
the fourth. 


P wave 


The duration of the P wave ranged from 
0.04 to 0.08 second, and the mean values 
increased with age (Table 2). A highly 
significant positive correlation was found 
between the length of the wave and age 
(r = + 0.5045). This lengthening of the P 
wave with increasing age accords with 
Ziegler’s findings (23), but his mean values 
are as much as 0.012 second less. The range 
of values encountered in the present se- 
ries is precisely the same as that quoted 
for the whole of childhood by Hafkesbring 
et al. (12). There was no significant correla- 
tion between the length of the P wave and 
the heart rate (r = —0.1003). It seems 
probable that the increasing width of the 
P wave observed during the first year of 
life reflects the increasing mass of the 
atria. 
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TaBLE 3. PR interval (seconds). 


No. of Range of Arithmetic 
Age group observations observations mean 8.D. 
2 weeks—3 months 25 0.08-0.14 0.099 0.0127 
3-6 months 25 0.08-0.13 0.102 0.0111 
6-9 months 25 0.09-0.14 0.111 0.0138 
9-12 months 25 0.08-0.13 0.105 0.0172 
2 weeks-—12 months 100 0.08-0.14 0.104 0.0134 


PR interval 

The average duration of the PR interval 
for the sample was 0.104 second and the 
range of individual values was from 0.08 
to 0.14 second (Table 3). The mean PR 
interval lengthened from the first to the 
third quarter, but was less in the fourth 
quarter than in the third. This suggested 
that the PR interval might be more related 
to heart rate than to age because, as al- 
ready noted, the mean heart rate was 
greater in the fourth than in the third 
quarter. There was a significant correla- 
tion (p = < 0.05) between the length of the 
PR interval and both heart rate (r= 
— 0.2302) and age (r = + 0.2034), but the 
influence of the heart rate was the greater, 
as indicated by the linear regression 
equation of PR on age and heart rate, 
viz:— PR = 0.000148316 x Age (weeks) — 
0.000117216 x Heart Rate (beats per min- 
ute) + 0.117111. Thus the PR interval 
tends to lengthen both with decreasing 


heart rate and with increasing age. Ali- 
murung & Massell (2) came to the same 


conclusion but Savilahti (19) and others’ 


have doubted whether the PR interval is 
influenced by heart rate. The mean val- 
ues obtained for the length of the PR in- 
terval are lower than those given by Bur- 
nett & Taylor (5) and by Epstein (8), but 
agree closely with those of Ziegler (23). 


The ventricular complexes 


The length of the QRS complex in the 
entire sample varied from 0.05 to 0.08 
second, and the mean value was 0.062 
second (Table 4). The mean values in- 
creased progressively from the first to the 
fourth quarter. Highly significant corre- 
lations (p= <0.01) existed between the 
length of the QRS complex and_ both 
age (r= + 0.5287) and heart rate (r= 
— 0.4351). With decreasing heart rate or! 
increasing age the QRS complex lengthens 
and this finding is in agreement with that 


TABLE 4. QRS complex (seconds). 


No. of Range of Arithmetic j 
Age group observations observations mean 8.D. 
2 weeks-3 months 25 0.05-0.07 0.057 0.0069 
3-6 months 25 0.05-0.07 0.059 0.0057 
6-9 months 25 0.05-0.07 0.064 0.0064 
9-12 months 25 0.06-0.08 0.067 0.0062 
2 weeks—12 months 100 0.05-0.08 0.062 0.0074 
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} TABLE 5. T' wave (seconds). 


No. of Range of Arithmetic 
Age group observations observations mean 8.D. 
2 weeks-3 months 25 0.09-0.14 0.111 0.0136 
3-6 months 25 0.10-0.15 0.115 0.0129 
6-9 months 25 0.11—-0.15 0.126 0.0112 
9-12 months 25 0.11-0.15 0.129 0.0139 
2 weeks—12 months 100 0.09-0.15 0.120 0.0146 


. Ali: of Savilahti (8). The mean values given  jnfluence of rate was by far the greater. 

Same by Ziegler (23) are higher and do not With decreasing heart rate or increasing 
others’ show the same gradual lengthening with age the T wave lengthens. 
val is age. On the other hand, Seham (21) and Both the QRS complex and the T wave 
val- Burnett & Taylor (5) reported values which —Jengthen throughout the first year of life, 
Rin- were {much lower and Seham’s are so and it seems likely that this is a reflection 
 Bur-  jow that it seems possible that he may of the growth of the ventricles. 

), but have ignored shallow Q waves when mak- 
). ing his measurements. The present figures QT interval 
are however closely similar to those of The QT interval or electrical systole 
Jundell & Stenstrém (13). includes the QRS complex, the ST segment 
n the The length of the T wave lay between and the T wave. 

0.08 0,09 and 0.15 second, and the average The range through which the QT interval 
0.062 value for the whole sample was 0.120 varied during infancy was found to be 0.21 
S in-, second (Table 5). The mean values in- to 0.29 second, with a mean value of 
o the creased progressively from the first to the 0.257 second (Table 6). 
sorre- fourth quarter. This trend is in agreement Bazett (4) recognised that the length of 
a the with the findings of Ziegler (23) but his of the QT interval was affected by the 
both mean values are much greater. A highly heart rate, and in the belief that the rela- 

("= significant degree of correlation (p= tionship could be expressed by a straight- 
te or! <(.01) existed between the duration of line graph, he introduced a formula to 
thens the T wave and both age (r = + 0.3288) express such an association. Some in- 
that and heart rate (r= —0.7124) but the vestigators have suggested that the rela- 


TABLE 6. QT interval (seconds). 


) No. of Range of Arithmetic 
Age group observations observations mean 8.D. 
2 weeks—3 months 25 0.21-0.28 0.250 0.0186 
3-6 months 25 0.21-0.28 0.252 0.0141 
6-9 months 25 0.22-0.29 0.264 0.0150 
9-12 months 25 0.23-0.29 0.264 0.0175 
} 2 weeks—12 months 100 0.21-0.29 0.257 0.0174 
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tionship is not linear and have devised 
other methods for relating the measured 
QT interval to the heart rate (3, 9, 10, 20). 

The individual measurements of the 
QT interval were plotted against the heart 
rate and it was obvious that the QT 
interval lengthened as the heart rate fell 
(Figure). This is shown statistically by a 
very significant negative correlation (r = 
— 0.8572). A significant positive correla- 
tion existed between the QT interval and 
age (r = + 0.3275) but the influence of age 
was much less than that of rate as shown 
by the linear regression of QT on age and 
heart rate, viz: 0.000104393 x Age (weeks) 
— 0.000649885 x Heart Rate (beats per 
minute) — 0.347013. 
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Scatter diagram relating 100 measurements of the QT interval to the prevailing heart rate. 


The range of QTc values for the whole 
period under review was 0.36 to 0.42, 
with an average of 0.392 (Table 7). A 
survey of the findings of other investigators 
discloses appreciable differences among 
their mean values. Epstein (8) accepted a 
value of 0.38. Alimurung ef al. (1) and Yu, 
Joos & Katsampes (22) accepted a value 
of 0.404. Ziegler (23) found mean values at 
various ages from one week to one year to 
lie between 0.385 and 0.408 and the scatter 
of values was greater than in the present 
series in which 76 % of all values are within 
the range, mean+1%xS8.D., and 97% 
within the range, mean + 2 x 8.D. 


TABLE 7. Q7'c. 


No. of Range of Arithmetic 
Age group observations observations mean 8.D. 
2 weeks-3 months 25 0.370-0.415 0.399 0.0116 
3-6 months 25 0.365-0.410 0.388 0.0110 
6-9 months 25 0.360-0.415 0.390 0.0153 
9-12 months 25 0.375-0.420 0.393 0.0134 
2 weeks—12 months 100 0.360-0.420 0.392 0.0133 
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8. ST’ segment (seconds). 


No. of Range of Arithmetic 
Age group observations observations mean 8.D. 
2 weeks-3 months 25 0.06-0.11 0.081 0.0153 
3-6 months 25 0.06-0.10 0.078 0.0116 
6-9 months 25 0.05-0.10 0.075 0.0126 
9-12 months 25 0.05-0.08 0.068 0.0082 
2 weeks—12 months 100 0.05-0.11 0.075 0.0127 


ST segment 


The length of the ST segment was exam- 
ined because this portion of the QT 
interval appears to be particularly suscep- 
tible to changes in the concentration of 
calcium in the body fluids. It seemed pos- 
sible that measurement of the ST segment 
might permit the recognition of significant 
changes in its length too small to lengthen 
or shorten the entire QT interval to an 
appreciable extent. 

The ST segment was found to vary 
between 0.05 and 0.11 second with a 
mean value of 0.075. It was observed 
from the mean values for the four quarters 
that this interval shortened with increas- 
ing age (Table 8). Highly significant 
negative correlations (p = <0.01) existed 
between the length of the segment and 
both age (r = — 0.3554) and heart rate 
(t = — 0.2583). In other words, the ST 
seyment tends to shorten both with in- 
creasing age and heart rate. 

Thus in this sample both the QRS 
complex and the T wave lengthened as 
av inereased but the ST segment short- 
e: od. This finding was supported from a 
« nparison of the components of the QT 
i) erval of the 10 subjects twice examined. 
| the later records the QRS complex had 
| \gthened or remained unchanged in 10 


subjects, the T wave in 7, but the ST seg- 
ment had shortened or remained un- 
changed in 8. 


Summary and Conclusions 


The standard limb leads of the electro- 
cardiograms of 100 healthy infants were 
examined. The heart rate and the length 
of the P wave, PR interval, QRS complex, 
T wave, ST segment, QT interval and the 
corrected QT interval (QTc) were meas- 
ured. The heart rate showed wide varia- 
tions throughout the period under review 
but decreased as age advanced. Sinus 
arrhythmia was encountered only five 
times but minor differences in the length 
of cardiac cycles occurred frequently. No 
other disturbance of rhythm was observed. 
The P wave, PR interval, QRS complex 
and T wave lengthened as age increased 
and, the P wave excepted, as the heart rate 
slowed. The ST segment tended to shorten 
both with increasing age and increasing 
heart rate. The linear association between 
the length of the QT interval and the heart 
rate was confirmed. The observed values 
for the corrected QT interval (QTc) fell 
within the range, 0.36 to 0.42. 
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Institute for Mother and Child Care, Prague, Czechoslovakia 


Fractional Collection of Urine in Very Small or Ill Infants 


by R. L. CORT 


Many methods of collecting urine in 
infants have been described. Each has 
certain advantages, the most important of 
which is probably the familiarity of the 
nursing and medical staff with a given 
technique. 

The method to be described was worked 
out to fulfil certain requirements: simpli- 
city, so that it can be carried out by nurses 
with other routine ward duties, measure- 
ment of very small quantities of urine at 
relatively short intervals, and absence 
of danger of skin or other trauma, parti- 
cularly in critically ill infants. 

Its chief use has been in healthy and ill 
newborn premature infants, 0-5 days of 
age, although full-term infants 0-24 hours 
of age have also been studied. No provision 
for the collection of stools (meconium) is 


made, 


Method 


or collection of urine samples, the equip- 
ment shown in Fig. 1 is used. It consists of: 
A pad of washed absorbent cotton. 
The cotton is weighed, washed with 0.1 N 
sulj-hurie acid, then with distilled water, and 
is {en suction- and heat-dried. A weight of 
3g vas chosen for convenience. This amount 
of tton will absorb about 30 ml of urine 
wii out leakage. 
A thin rubber cap into which the cotton 


3. A pair of simple holding panties with 
four tie fastenings, which permit examination 
of the cotton, cleaning, rectal temperature 
measurement, ete., with minimal distur- 
bance of the infant. 

4. A numbered glass weighing bottle 
containing 20-25 ml of water or other eluting 
fluid. 


The washed cotton is fitted into the rub- 
ber cap and placed on the infant’s perineum 
(Fig. 2). With either sex the cotton is hol- 
lowed out to admit the penis or the labia. 
If avoidance of contamination with me- 
conium is absolutely necessary, a small strip 
of non-irritant adhesive tape may be used 
to fix the posterior margin of the cap to the 
perineal body. In practice, contamination 
with stools is uncommon or very slight. 

A folded diaper is placed over the cap and 
through the infant’s legs, and held in place 
by the panties. Thus, slight pressure is 
exerted to hold the cotton in place. Newborn 
premature infants, particularly ill ones, 
move very little, and our newborn infants 
are swaddled, so that displacement of the 
cotton wad through the infant’s activity is 
rare. 

Every three hours, at feeding time, the 
nurse unties the panties and lifts the upper 
edge of the cap to see if urine has been passed. 
If the cotton pad is wet, she removes it and 
places it in a weighing bottle, the number of 
which is noted. The infant may be weighed 
with the collecting cotton in place. 

For estimating the urinary constituents, 
the bottle is weighed to determine the vo- 
lume of urine, the cotton thoroughly 
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Fig. 1 


out in the fluid, and 


determinations are carried out on the diluted 


squeezed eluting 


urine. 


Comment 


This method of urine collection has limi- 
ted but real usefulness. It is surprisingly 
accurate, and has proved of value in very 
small or ill infants, where cumbersome or 
possibly traumatic urine collection would 
be out of the question. It also does not 
require constant attention by research 


nurses. 
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Recovery of volume is about +0.3 mil. 
Recovery of urinary constituents is satis- 
factory, although calculation of urinary 
concentrations in volumes below 1 ml is 
inaccurate. Blanks are small for most 


) 
common urinary constituents, and may be 


decreased by modifying the washing pro- 
cedure or using other absorbent materials 
in place of cotton. This question has not 
been exhaustively examined, however. 
Routine care is simple and rapid, and 
balances 


metabolic have not proved 


burdensome, even on a busy premature 


ward. 
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From the Anatomy Department, University of Melbourne, Australia 


Clinodactyly and Brachymesophalangia of the Fifth Finger 


by A. F. ROCHE 


The term clinodactyly is applied to a 
curvature of the extended finger and, in 
the case of the fifth finger, this curvature 
is always towards the fourth. A slight 
curving in this direction is normal and 
earlier workers have restricted the use of 
this term to cases of marked inclination, 
determined on a basis of subjective judge- 
ment. By brachymesophalangia is meant a 
shortness of the shaft of the middle 
phalanx. Schmid & Junker (10) have sug- 
gested a definition of brachymesophal- 
angia based on measurements of pha- 
langeal shaft length. Other workers have 
subjectively assessed the length of the 
middle phalangeal shaft relative to the 
lengths of the other phalangeal shafts in 
the digit and the size of the hand and have 
used their judgement to determine the 
amount of shortness necessary for the 
application of this term. During this in- 
vestigation similar subjective methods 
have been followed before the term 
brachymesophalangia has been used. 

Many have accepted without question 
the statement by Smith (11) that marked 
clinodactyly of the fifth finger, associated 
wh a shortness of its middle phalanx, is 
pr-sent in nearly every mongoloid. The 
lit-rature, however, contains few investiga- 
tins of this alleged relationship in either 
m: ngoloid or normal children. 


Review of Literature 


Reports of the incidence of clinodactyly in 
mongoloids vary between 34.6% and 78.8% 
(Table 1) after the omission of the small 
series examined by West (15). The incidence 
of clinodactyly in normal children has been 
reported as 19.5% (15) and 5.2% (2) (‘Table 
1). It is probable that much of this variation 
is due to the lack of a precise determination 
of normal limits and an application of terms 
based upon subjective criteria. 

Clinodactyly could occur at either or at 
both the interphalangeal joints of the digit. 
There is no information in the literature con- 
cerning the common site of clinodactyly ex- 
cept the observation of Thursfield (13) that 
clinodactyly of the fifth finger in mongoloids 
occurred at the distal interphalangeal joint. 

Brachymesophalangia of the fifth finger 
has been reported in 62 of 100 mongoloids 
(3) and in 10 of 700 normal individuals (12). 
Hefke (3) reported clinodactyly in 43 of 62 
mongoloids in whom brachymesophalangia 
was present in the same digit. Because this 
is a higher incidence of clinodactyly than in 
the general group of mongoloids he studied, 
he concluded that these conditions are often 
associated. Opinions that clinodactyly and 
brachymesophalangia tend to occur in com- 
bination have also been expressed by Pol (8) 
for mongoloids and by West (15) for normal 
children. 

It has been stated that clinodactyly in- 
creases with age in mongoloids (1, 15) al- 
though this is denied by Oster (7). Hefke (3) 
claimed that brachymesophalangia became 
less marked in mongoloids with advance in 
age. 
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In the present study an attempt has 
been made to evaluate the possible as- 
sociation between clinodactyly and brachy- 


A. F. ROCHE 


55.2% for mongoloids and 32.5% jor 
normal children. These findings are simi! ar 
to those reported previously for mongo- 


mesophalangia in the fifth fingers of both loids, but are higher than those reported | Chr 
mongoloid and normal children. previously for normal children (Table :). *8° 
Such observations do not justify the claim 
, Mo 
Material and Methods of Smith (11) that “this curve of the Pt 
ittle finger occurs to a greater or less 2 
little f t t ] 

The selection of 192 mongoloid and 120 degree in nearly every case of mongol 8 
normal children has been described else- ‘di 1 
where (9). Observations have been made on ey No 

£ 
serial dorso-palmar radiographs of the left Clinodactyly occurred most commonly 9 
hand of these children taken at regular inter- at the distal interphalangeal joint in, —— 
vals over a four year period. Only those ra- mongoloids, which is in agreement with 
diographs have been utilized in which the 4). observation of Thursfield (13). In 
fingers were extended fully and abducted 1 child it light | ane 
slightly from each other. Clinodactyly and the 
brachymesophalangia of the fifth finger have ™ore common for both the proximal and join 
been identified in a mixed sequence of mon- distal interphalangeal joints to beinvolved —; ,, 
goloid and normal children by the same ob- (Table 2). This difference between the ! B 
server using subjective criteria similar to mongoloid and the normal children in the 
those of other workers. com 
site of clinodactyly occurred even in those; , 
in whom the fifth middle phalanx was of 
Findings and Discussion P Thi 
the usual length and, consequently, it 5... 

At all ages studied, clinodactyly was could not have been dependent upon the  ,,, , 
more common in mongoloid than in nor- marked difference between the mongoloid yj, 
mal children (Table 2). Combining both and normal children in the incidence of?  :¢,) 
sexes and all ages, the incidence was brachymesophalangia. In both mongoloid _,;4), 

rid 
TABLE 1. The recorded incidence of clinodactyly. a 
Number Number with % with of s! 
Author examined clinodactyly clinodactyly wa 
Mongoloid children 
West (1901) 9 1 11.1 
Muir (1903) 26 9 34.6 
Thursfield (1921) 26 13 50.0 
Orel (1927) 26 33 78.8 
Hefke (1940) 100 43 43.0 
Benda (1949) + = 36.2 ) 
Engler (1949) * - 40.0 | 
Oster (1953) 504 252 50.0 
Levinson et al. (1955) 50 34 68.0 
Normal children 
West (1901) 605 118 19.5 
Engler (1949) 500 26 5.2 


* Not recorded by author. 
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CLINODACTYLY AND BRACHYMESOPHALANGIA 


TABLE 2. Males/Females. 


Site of clinodactyly 


Proximal inter- Distal inter- Both inter- Percentage No. with 

Chronological Total phalangeal phalangeal phalangeal with brachymeso- 
age in years’ children joint only joint only joints clinodactyly _phalangia 
Mongoloid children 

0-2 7/9 0/0 4/4 0/0 57.1/44.4 3/5 

2-7 46/46 2/2 14/19 5/1 45.7/47.8 10/9 

8+ 37/47 4/4 12/28 6/1 59.5/70.2 11/14 

Total 90/102 6/6 30/51 11/2 52.2/57.8 24/28 
Normal children 

2-7 60/60 1/2 7/9 14/6 36.7/28.3 2/2 


and normal children, clinodactyly at both 
the proximal and distal interphalangeal 
joints of an individual was more common 
in males than in females. 

srachymesophalangia was much more 
common in the mongoloid (27.1%) than 
in the normal children (3.3%) (Table 2). 
This is lower than the incidence reported 
for mongoloids by Hefke (3) but is similar 
to that reported for normal children by 
Stettner (12). No case of absence of the 
fifth middle phalanx was observed among 
either the mongoloid or the normal indi- 
viduals. 

When mongoloid and normal children 
of similar age were compared (Table 3) it 
was found that clinodactyly occurred 


more commonly in the mongoloid (47.2 %) 
than in the normal children (32.5%). 
However, clinodactyly associated with 
a middle phalanx of normal length was 
observed with almost equal frequency in 
both mongoloids (25.0%) and normal 
children (29.2 %). In all children in whom 
brachymesophalangia was noted clino- 
dactyly was present also with the excep- 
tion of three mongoloids. The fact that 
these conditions sometimes occur inde- 
pendently is contrary to the report of 
Smith (11). Brachymesophalangia as- 
sociated with clinodactyly was present in 
22.2 % of the mongoloid children under the 
age of 8 years but in only 3.3% of nor- 
mal children of comparable age. 


TABLE 3. Findings in children aged less than 8 years. 


Mongoloid Normal 

Conditions No. % No. % 
Clinodactyly without brachymesophalangia 27 25.0 35 29.2 
Clinodactyly with brachymesophalangia 24 22.2 4 3.3 
Brachymesophalangia without clinodactyly 3 2.8 
Neither clinodactyly nor brachymesophalangia 54 50.0 81 67.5 
Totals 108 100.0 120 100.0 
Total clinodactyly 51 47.2 39 32.5 
Total brachymesophalangia 27 25.0 4 3.3 
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The serial records of both mongoloid 
and normal children show a remarkable 
stability for each individual in both the 
site and the degree of clinodactyly and the 
extent of brachymesophalangia. However, 
brachymesophalangia became slightly less 
common as older groups of mongoloids 
were considered. These findings are in 
agreement with those of Oster (7) but are 
contrary to those of West (15) and 
Brousseau (1) concerning clinodactyly and 
those of Hefke (3) in regard to brachy- 
mesophalangia. 


Conclusion 


A consideration of the above findings 
leads one to conclude that there are two 
types of clinodactyly of the fifth finger. 
This is best illustrated by reference to 
the findings on mongoloid and normal 
children of comparable age (Table 3). In 
some children with clinodactyly the fifth 
middle phalanx is of normal length. This 
type of clinodactyly occurs with approxi- 
mately equal frequency in both mongoloid 
and normal children, although the com- 
mon site of such clinodactyly is different 
in the two groups. In other children, 
clinodactyly of the fifth finger is as- 
sociated with brachymesophalangia and 
this type is much more common in the 
mongoloid group (22.2%) than in the 
normal group (3.3%). 

There is a similar marked difference 
between the mongoloid (25.0%) and the 
normal groups (3.3%) in the incidence of 
brachymesophalangia. The brachymeso- 


phalangia was combined with clinodactyly 
in all but three of these children. It is sug- 
gested that brachymesophalangia should 
be used in the diagnosis of suspected 


A. F. ROCHE 


mongolism and that, if this is done, ‘he 
recording of clinodactyly provides no «d- 
ditional information that is diagnostica ly 
useful. 
Summary 


1. Serial radiographs of the hands of 192 : 
mongoloid and 120 normal children ex- 
tending over four years have been used to 
investigate the frequency of clinodactyly 
and brachymesophalangia in the fifth 
finger and their changes during growth. 

2. The incidence of clinodactyly in the 


mongoloid children was similar to that 
recorded in the literature but the inci- 
dence in the normal children was higher 
than that recorded previously. Clinodac- 
tyly with a middle phalanx of the usual 
length occurred with almost equal fre.’ 
quency in both mongoloid and normal 
children. There was a marked difference 
between the two groups of children in the 
incidence of clinodactyly associated with 
brachymesophalangia. 

3. It is suggested that brachymesopha.- | 
langia is a more important physical sign / 
of mongolism than clinodactyly. Consider. | 
ing children under the age of 8 years, it was | 
present in 25.0% of the mongoloid group 
and 3.3% of the normal group and was | 
almost always associated with clinodacty ly. 

4. The incidence of clinodactyly did not 


vary with age but brachymesophalanvia | 


was slightly less common among ol<er | 
mongoloids. 
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From the Obstetric Department A (Head: Professor Erik Rydberg), Rigshospitalet, 
Copenhagen, Denmark 


Discussion on the Advisability of Performing Exchange Transfusion’ 


in Neonatal Jaundice of Unknown Aetiology! 


by DYRE TROLLE 


The indications for exchange transfusion 
in neonatal jaundice of unknown aetiology 
have been much discussed in recent years. 
These procedures are performed because it 
is known that some of the children will 
develop cerebral palsy as a consequence 
of the toxic effect of hyperbilirubinaemia 
on the nerve cells of the basal ganglia of 
the brain. Both the anatomical lesions and 
the clinical signs are the same as those 
seen in untreated newborn children with 
haemolytic disease due to Rhesus incompa- 
tibility. It is evident from the investigation 
of Plum (8) of 478 children more than one 
year of age, suffering from cerebral palsy, 
that there is an aetiolugical relationship 
between severe jaundice (with or without 
blood-group incompatibility) occurring in 
the first weeks of life and the subsequent 
development of athetosis. Other forms of 
cerebral palsy are probably not due to 
neonatal jaundice. 

The exact bilirubin level at which ex- 
change transfusion should be performed in 
neonatal jaundice of unknown aetiology is 
still unsettled. Most authors who recom- 


1 This investigation was in part supported by 
a PHS research grant B-2408 from the National 
Institute of Neurological Diseases and Blindness, 
U.S. Public Health Service. 


mend this procedure believe that it should 
be performed if the serum bilirubin level 
reaches or exceeds 20 mg %. Some estimate 
that the critical bilirubin level is 25 mg %, 
others that it is 15 mg %. The lower level, 
is especially applicable to premature ciil- 
dren. The literature on this question has 
recently been reviewed (4). 


Material and Methods 


During the six-month period, April | t 
October 1, 1960, we systematically investiga-| 
ted serum bilirubin values in practically all 
jaundiced newborns. We examined only the 
jaundiced children since it is unlikely that 
newborn infants without jaundice will have 
a bilirubin value of 10 mg% or more, and it 
was this group in whom we were interested. 
Daily serum bilirubin determinations wert 
performed on heel blood. The micromethod 
used (Jendrassik & Grof) gives the total Dili-| 
rubin concentration. The analyses were (ont, 
at the Central Laboratory of Rigshospitalet! 
(Head: Poul Astrup, M.D.). 

In addition, serological examinations \vert 
carried out on all jaundiced children ané 
their mothers at the Blood Bank of F igs 
hospitalet (Head: Erik Freiesleben, M D.). 

(a) The newborn child. ABO and Rh (D 
group, direct Coombs test, and a Mvnk- 
Andersen conglutination test if the inf: nt’: 
red cells were found to be incompatible vit 
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the serum of the mother with respect to the 
ABO system. 

(b) Compatibility test between the child’s red 
cells and the mother’s serum. The test was per- 
formed with a saline suspension in a test 
tube at 37°C and followed by an indirect 
Coombs test. 

(c) The mother. ABO and Rh (D) group. 
Furthermore, the serum was examined at 
37 © for irregular antibodies using saline 
suspensions from a large panel of known red 
blood cells, supplemented with an indirect 
Coombs’ test. If ABO group incompatibility 
was found, the mother’s serum was examined 
for specific haemolysins and immune anti- 
bodies against the child’s ABO antigen (neu- 
tralization technique with indirect Coombs 
test). 

In the six-month period of the study 
there were 1073 single births. As a prophylac- 
tic measure all the children were given 2.5 
mg Menadione intramuscularly immediately 
after birth. In order to calculate the incidence 
of jaundice, all stillbirths and neonatal 
deaths were excluded from the total, be- 
cause all jaundiced children survived the 
first week of life. This gives us a corrected 
figure of 1000 newborns. 

Of these 1000 newborns, 363 developed 
jaundice within the first week of life: 


36, i.e. 3.6%, due to haemolytic disease 
(morbus haemolyticus ex rhesus in- 
compatibilitate); 

22, ie. 2.2%, due to haemolytic disease 
(morbus haemolyticus ex ABO in- 
compatibilitate); 

305, i.e. 30%, due to jaundice of unknown 
aetiology (icterus ex causa ignota). 


Results 


‘inety-five of the 305 infants with 
jaindice of unknown aetiology had se- 
rura bilirubin value > 15 mg %, and 65 chil- 
di -n had a serum bilirubin level of > 20 
m-%; all had values of 10 mg % or more. 

“he percentage of primiparae is the 
Ss: ie in the group of infants with jaundice 
2° 61173114 Acta Pediatrica Vol. 50 


of unknown aetiology as it is in the group 
without jaundice. 

The frequency of prematurity (< 2500 g) 
for the 305 children with jaundice of un- 
known aetiology was 24.2%, while the 
frequency for the remaining 695 was 6.5 
%. (When the 58 who were icteric due to 
Rhesus or ABO incompatibility are sub- 
tracted from the 695, the prematurity 
frequency is 6.4%.) Frequency of prema- 
turity in the 65 infants with a serum 
bilirubin value >20 mg % was 20%. Ex- 
change transfusion was carried out in 36 
of the 65 children, i.e. 55%; for these the 
prematurity frequency was 19 %. 

Thus, in the period under investigation 
3.6% of the 1000 newborns had exchange 
transfusions because of jaundice of un- 
known aetiology. The ratio was 5.9% of 
the premature and 3.3% of the full-term 
infants. All who were not given exchange 
transfusion had a serum bilirubin con- 
centration less than 25 mg %. 

Despite the fact that this case material 
of our department in many respects is a 
selected one (e.g., the high number of 
premature births), the percentage of chil- 
dren with jaundice of unknown aetiology 
in both the full-term and premature groups 
is, by our present knowledge, represen- 
tative of a non-selected group. The very 
high percentage of exchange transfusions 
performed in this series leads one to ques- 
tion whether so many are necessary. 

It should be noted that the department 
is a centre for Rhesus immunized mothers, 
and of the 1000 children during the six- 
month period plus 1970 corresponding 
infants from 1959, 3.6% had haemolytic 
disease due to Rhesus incompatibility. 
Eighty percent of these children had ex- 


change transfusions, i.e. 2.9% of the 


4 
“ 


et, 
} 
1 
; ere| 
and 
bigs: 
vnk-| 
f; nt’s| 
vith) 


DYRE TOLLE 


TABLE 1. Schematic presentation of the culculations. (To be read from the left to the righ’.) 


Number 


Out of 


there are 


1,000,000 


0.2 % = 2,000 


out of these 2000 17.0% = 340 
out of these 340 70.0% = 238 
out of these 238 46.0% 109 
out of these 238 20.0 % 48 
out of these 238 34.0% 81 
out of these 81 33.3 % 27 
out of these 81 66.7 % = 54 


children aged more than one year 

with cerebral palsy 

have athetosis 

had severe jaundice in the first week of life 


had jaundice due to Rhesus-incompatibility 
had jaundice due to ABO-incompatibility 
had jaundice of unknown aetiology 


were mature (that is 0.0028 % of 955,000) 
were premature (that is 0.1200 % of 45,000) 


2970 children. Even if one takes into ac- 
count the fact that the department is a 
Rhesus centre, it will be seen that, in the 
six-month study period, more infants 
were given exchange transfusions because 
of jaundice of unknown aetiology than 
because of Rhesus incompatibility (3.6% 
against 2.9%). 


Calculations 


In order to answer the question of how 
necessary it is to perform exchange trans- 
fusions in so many children with jaundice 
of unknown aetiology, the following cal- 
culations have been made for 1,000,000 
non-selected and non-exchanged live-born 
infants on the basis of the following in- 
formation. 


According to Hansen’s follow-up study (3) 
the frequency of cerebral palsy in this 
country is about 0.2%. In Plum’s investiga- 
tion (8) athetosis is found in 17% of the 
children with cerebral palsy. Moreover, in 
his retrospective study Plum showed that 
just less than 70% of the children with athet- 
osis had severe jaundice during the first 
weeks of life. In 46% this was due to Rhesus 
incompatibility, in 20% to ABO incompati- 
bility, while in 34% there was no serological 


explanation. The incidence of prematurity 
(<2500 g) was 10%, 55% and 66.7%, 
respectively. 

The incidence of premature births in 1956 
in this country was 5.7% (5). Norregaard’s 
study (7) showed that between 20 and 25% 
of the premature births (by his definition: 
< 2500 g) die in the first year of life. This 
means that at the age of one year the fre- 
quency of premature births is 4.5%. 


Of 1,000,000 newborn 943,000 are full- 
term and 57,000 premature (5.7%), but 
of 1,000,000 children aged one year 955,000 
will have been full-term and 45,000 prema- 
ture (4.5%). 

Do these figures agree with the ex- 


~ 


— 


change transfusions actually performed? | 


Rhesus group 


First the question must be answered for 
the Rhesus group. It is well known that 
maternal Rhesus antibodies are found 'n 


0.5% of all pregnancies. In a study of 
Rhesus immunised mothers from this 
department it was found that 8% hed 
macerated or hydroptic babies (6). [n 
other words, among 1,000,000 live birt''s 
there will be 4600 infants of Rhes.s 
immunised mothers. What will happen 0 } 
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these children if nothing is done for them? 
Vaughan, Allen & Diamond, (9) state 
that 34 % will die and 5 % of the survivors 
wil! have kernicterus. Of the above-men- 
tioned 4600 children, 1565 will die, 151 
will survive but will have kernicterus, 
and 2885 will be normal. 

Since kernicterus manifests itself most 
frequently as athetosis, there is good cor- 
relation between the number of children 
with kernicterus, which we find within the 
untreated Rhesus group, and the number 
of children with athetosis we estimate on 
the basis of Plum’s retrospective study 
(151 and 109, respectively). 

How many of these 4600 children would 
have been exchange transfused in our 
department? According to the above men- 
tioned Rhesus material (6), this number 
would be 63.0% since 12.9% would be 
Rhesus negative, 4.5% Rhesus positive 
but not sensitised, and 19.6% Rhesus 
positive and sensitised but exchange trans- 
fusion would be considered unnecessary. 
In the same study we found that three 
of the 249 exchange transfused children 
died for unknown reasons during or im- 
mediately after an uncomplicated exchange 
transfusion, in spite of the fact that 
these children were no more sick than 
the remaining 246. We, therefore, must 
reckon with a mortality rate of 1% 
due to the exchange transfusion itself.! In 


Similar unexplainable deaths among Rh- 
sen-itised children who had exchange trans- 
fusions have been reported from the Sloane 
Ho: ital. “From 1947 through 1955, of 236 
excange transfusions, there were 4 unexpected 
des'hs, a total of 1.7 per cent. From 1956 
thr: igh 1958, among 126 such procedures there 
we: 4 unexpected fatalities, a total of 3.2 per 
cer. '. Because of these unexplainable deaths 
it} concluded that one always also should con- 
sid » the risk of the exchange transfusion itself. 
“C mparison of the risk involved, however, is 


other words, 2898 infants would have been 
exchanged in order to avoid kernicterus 
in 151 and death in 1564, but the exchange 
transfusion itself might have caused the 
death of 29 of these. Although we exchange 
transfuse slightly more than necessary, 
there is no doubt that our indications for 
exchange transfusion are appropriate and 
sound. 


Children with jaundice of unknown aetiology 


It can be seen from the calulations in 
Table 1 that athetosis in children suffering 
from jaundice of unknown aetiology in 
the first weeks of life is 43 times more 
frequent in premature babies than in full- 
term babies (0.12 % vs. 0.0028). Therefore 
the question of the necessity of exchange 
transfusion has to be investigated sepa- 
rately for the full-term babies (> 2500 g) 
and the premature babies (< 2500 g). 


(a) Full-term babies 

In the period under investigation 881 
of the 1000 children were full-term. Jaun- 
dice of unknown aetiology was found in 
231 or 26.0%. Serum bilirubin values of > 
20 mg % were found in 52 (5.9%) of the 
881 children, and 29 of the 52 children 
(56%) were exchange transfused, i.e. 
3.3 % of the 881. 

Applying these figures to the hypotheti- 
cal 943,000 newborn full-term babies will 
mean that 247,066 will have a serum 
bilirubin of 210 mg% during the first 


particularly important in infants with hyper- 
bilirubinemia not primarily the result of hemo- 
lytic disease, such as hyperbilirubinemia in 
prematures, for which the role of exchange 
transfusions has been less well evaluated than it 
has in cases of erythroblastosis fetalis.” (Wolff, 
James A.: Discussion: Bull Sloane Hosp Women, 
5: 95-97, 1959.) 
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week of life, 55,637 a serum bilirubin of 
>20 mg%, and 31,119 will be exchange 
transfused for fear that they will later 
develop athetosis. 

According to the calculations (Table 1) 
only 0.0028 % will later develop athetosis. 
To avoid this in 26 cases we would exchange 
transfuse, 31,119, and if we had adhered 
strictly to the value of >20 mg%, the 
number would have risen to 55,637. Since 
the department had not previously car- 
ried out exchange transfusions in children 
with jaundice of unknown aetiology, and 
since we know that these children did not 
die, the enormous discrepancy shows that 
our indications for exchange transfusions 
are unsound. 

It may, of course, be said that it is bet- 
ter to exchange transfuse too many rather 
than too few, but here one must take into 
account the mortality rate in exchange 
transfusion, which for the full-term babies 
is calculated to be 1%. This would mean 
that if we decided to exchange transfuse 
all full-term babies with serum bilirubin 
levels of >20 mg % of unknown aetiology, 
we would have to exchange transfuse 2140 
children in order to prevent one from de- 
veloping athetosis and would run the risk 
of losing 21 by the procedure. 


(b) Premature babies 


Of the 1000 children in the period under 
investigation 119 were premature. Jaun- 
dice of unknown aetiology was found in 
74 (62%) and serum bilirubin values of 
>20 mg% in 13, ie., 11%! of the 119 


1 This figure corresponds exactly to that found 
by Dyggve (1) after prophylactic treatment of 
premature children with 1 mg K, vitamin given 
intramuscularly immediately after birth. 
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children, and 7 of the 13 children (54 %) 
were transfused, i.e. 5.9% of the 119. 

Applying these figures to 57,000 new. | 
born prematures would mean that 35,::40 } 
would have a serum bilirubin of >10 mg % 
in the first week of life, 6270 a serum 
bilirubin of > 20 mg %, and 3363 would be 
exchange transfused to avoid the possilvle 
development of athetosis. 

According to the calculations (Table |), 
0.12% should later develop athetosis, i.e. 
68 of the 57,000 premature infants. Thus, 
to avoid athetosis in 68, 3363 would be ex- 
change transfused, or 6270 if the limit of 

> 20 mg % is strictly adhered to. We would 
thus have to exchange transfuse 92 children 
in order to save one. From the Rhesus mate- 
rial in this department (6) we know that 
exchange transfusion carries a mortality 
rate of 4% in premature babies. In other 
words, if we decide to exchange transfuse 
all prematures withaserum bilirubin of > 20 
mg% of unknown aetiology, we run the 
risk of having 4 infants die for each one 
we prevent from developing athetosis by 
performing an exchange transfusion. 

The conditions are, however, difficult 
to evaluate because it is quite possible | 
that there are more children with athetosis 
among those dying in the first year of life ; 
than among the survivors. But how many! 
From the Rhesus group we know that if we 
choose not to exchange transfuse it means 
that a number corresponding to a good 
10 times the number with kernicterus will 
die. If we use this number, we would save 5 
68+704=772 by exchange transfusing | 
6270, i.e., save 10 for each 90 transfused, 
but we would run the risk of 4 dying 
because of this procedure. 
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ABO group 


Finally, the question has been investiga- 
ted with reference to the ABO group. In 
our material of 1000 children there were 22 
jaundiced children in whom A or B anti- 
body could be demonstrated (2.2 %). (This 
figure agrees with an earlier consecutive 
study of 3,500 neonates from this depart- 
ment (2) in which 2.0 % with A or B anti- 
body were found, 84% and 16 %, respec- 
tively. As far as the demonstration of A 
or B antibodies is concerned, both study 
groups were non-selected.) Of the 22 
children 9 were exchanged, i.e. 0.9% of 
the 1000 children. Here there is also a 
great discrepancy between the number of 
exchange transfusions performed and the 
figures based on Plum’s study. The same 
considerations mentioned in the section on 
infants with jaundice of unknown aetio- 
logy apply here. 


Discussion 

The critieria for exchange transfusion 
of Rhesus-sensitised babies well- 
founded. 

Even if one assumes it to be a fact 
that full-term infants with jaundice of 
unknown aetiology may later develop 
athetosis, we do not know today which 
children should be exchange transfused. 
It seems justifiable not to exchange trans- 
fuse the children simply because the serum 
bilirubin values reach 20-25 mg %. If it 
rises to over 30, 35 or 40 mg% it is, 
wih our present knowledge, questionable 
whether one dares to omit an exchange 
tr nsfusion. Both the non-exchange trans- 
fu-ed infants and those transfused should 
bc followed up. 

Jur criteria for performing transfu- 
is on premature infants with jaundice 


of unknown aetiology and children with 
jaundice due to ABO incompatibility are 
unsatisfactory. 

Cases of kernicterus in premature in- 
fants with serum bilirubin values as low 
as 12.6 mg % have been reported (4). There- 
fore, it does not appear that the serum 
bilirubin concentration alone is the decis- 
ive factor. Other factors must also be in- 
volved. For example, it is not yet known 
whether, it is a rapid rise in serum bili- 
rubin value (e.g. more than 20 mg% 
within the first 48 hours), the duration of a 
severe jaundice or a prolonged jaundice 
alone, that is decisive for the brain damage. 
Perhaps the amount of indirect bilirubin 
plays a part. It is possible that the per- 
centage of haemoglobin, reticulocyte count 
and amount of foetal haemoglobin in the 
newborn are of importance, and possibly 
the amount of blood transferred from the 
placenta to the infant before the cord is 
tied also plays a part. It is difficult to say, 
at the moment, what one should do, but 
the premature infant runs a greater risk of 
developing athetosis than does the full- 
term infant. A systematic investigation, 
including follow-up, must be carried out in 
order to solve the problem. 


Summary 


In a study of 1000 newborns jaundice 
of unknown aetiology was a common find- 
ing during the first week of life. In these 
children the bilirubin values were as follows: 

26 % of full-term 
62 % of premature 
{ 6% of full-term 
\11 % of premature 


210 mg % in 
220 mg % in 


It is known from the literature that 
there is a causal relationship between 
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severe jaundice occurring in the first week 
of life and the subsequent development of 
athetosis. By carrying out exchange 
transfusion on children with a serum bili- 
rubin value of >20 mg %, and comparing 
the number with the frequency of atheto- 
sis reported in the literature, it is shown 
that the following will be exchange trans- 
fused: 


(a) 2140 full-term babies in order to pre- 
vent subsequent athetosis in one, but 
one runs the risk of 21 dying as a result 
of the procedure itself. 

(6) 92 premature infants to prevent subse- 
quent athetosis in one, but one runs the 
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risk of 4 dying as a result of the pro e- 
dure. 


The limit of 20 mg% is thus not ap. 
propriate. Through systematic investiga- 
tions must be found better criteria for «x- 
change transfusing newborn with jaundice 
of unknown aetiology. 

As opposed to this, the criteria jor 
exchange transfusing Rhesus sensitised 
children are satisfactory. Admittedly it is 
unnecessary in the case of 44 out of every 
100 children but, on the other hand, 56 
will be saved from death or kernicterus, 
with the risk of death due to the proce- 
dure in only one case. 


Addendum 


It has been stated that jaundice of unknown 
aetiology is a rare finding in premature infants 
of toxemic mothers (R. Sacrez, J.-M. Lévy, E. 
Scheppler & M. Klein: Rélations entre lictére 
physiologique du prématuré et la toxémie tardive 
de la grossesse. Sem Hop (Paris) (Ann Péd) 
36: 1219, 1960). Our investigation can neither 
confirm nor weaken this observation, since only 
two mothers with toxemia gave birth to prema- 
ture babies who survived the first week. One in- 
fant (1450 g) had its maximum serum bilirubin 
value (10.4 mg%) on the 4th day and the other 


(2400 g) was not jaundiced. As far as the mature 
babies are concerned our investigation shows that 
jaundice of unknown aetiology occurs just as 
frequently in infants of toxemic mothers as in 
other mature babies. There were 47 mothers with 
toxemia (both mild and severe) and 11 of their 
infants had jaundice and serum bilirubin values 
of > 10 mg% (three were exchange transfused). 
Thus the frequency of jaundice of unknown 
aetiology was 23.4 % in infants of toxemic moth- 


ers and 26.3% in infants of mothers without | 


toxemia. 
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Successful Resuscitation of Two Immature Infants 
. for with Cardiac Arrest During Exchange Transfusion 
tised 
it is by GORAN WALLGREN and LUDVIG OKMIAN 
‘e Pediatric Department, Karolinska Sjukhuset, Stockholm, Sweden 
erus, 
roce- | Exchange transfusion, still the only the more conventional methods of resus- 


adequate treatment for hyperbilirubine- 
mia of infancy, carries a considerable risk 
to the patient. The overall frequency of 
complications has been estimated to be as 


ature 
ng high as 40% [17] and it has been stated 
s as 


asin [1] that in more than 3 % of the transfused 


with cases the complication has been severe 


their 

alues enough to indicate discontinuation of the 
sed). transfusion. Diamond emphasizing the 
nown = 


noth.| importance of optimal technical conditions 
thout | states that it should be possible to keep the 


mortality of exchange transfusions to less 

than 1% [5]. 
wen Fatal accidents in connection with ex- 
"| change transfusions are in most cases due 
gp to circulatory collapse caused by cardiac 
__ | arrest and both ventricular fibrillation 
cn and ventricular asystole have been de- 
sa scribed (13, 16). The pathophysiology of 


these fatal accidents is not well under- 
Dia-| stood, although it has been thoroughly 


a ‘| studied [2, 4, 9, 10, 14], and no single 
ta is p:rameter has thus far been considered 


responsible. 

The present communication describes 
to instances of cardiac arrest during ex- 
aM a ange transfusion, both succesfully treat- 
e with cardiac massage after efforts with 


citation had failed. It is the authors’ aim 
to show that a cardiac arrest in infants 
does not necessarily mean a fatal outcome 
and that adequate treatment of these ac- 
cidents during exchange transfusions may 
even further decrease the mortality still 
attendant to the procedure. 


Case Reports 


The first infant was the fourth offspring 
of a healthy mother and belonged to blood 
group A Rh neg. The mother was O Rh pos. 
Her previous three children were alive and 
well. The pregnancy, which had been un- 
eventful, terminated at 34 weeks with the 
birth of an infant weighing 2160 g. The 
delivery and the immediate neonatal period 
were normal. On the first day a slight icterus 
was noted, which had increased on the second 
day of life. The indirect serum bilirubin was 
18 mg/100 ml. Because of the early hyper- 
bilirubinemia, the immaturity of the baby, 
and the presence of high titers of anti-A 
antibodies in the mother’s blood an exchange 
transfusion was performed. Four hundred ml 
of type 0 red cells in A Rh neg plasma were 
given through the umbilical vein in lots of 
20 ml. During the procedure the child was 
in very good condition. A second exchange 
was performed on the third day of life be- 
cause of an indirect bilirubin of 20 mg/100 ml. 


== = as as 
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This transfusion was also completed without 
any difficulties. 

On the fourth day of life a third exchange 
transfusion was performed because the in- 
direct bilirubin level was still at 20 mg/100 
ml. When 300 ml had been transfused the in- 
fant suddenly, without any previous warning 
symptoms or signs, gasped 2 or 3 times, and 
became pale-cyanotic. The transfusion was 
immediately discontinued and auscultation 
of the heart revealed no heart sounds. Ef- 
forts to initiate heart action were immedi- 
ately started: the arms and legs were elevated, 
the head lowered, the thorax was violently 
compressed antero-posteriorly over the heart, 
and the precordial area was slapped repeat- 
edly, while oxygen was administered by 
mask with positive pressure. These pro- 
cedures were unsuccessful and after ap- 
proximately 45 seconds a thoracotomy was 
performed over the heart in the 5th in- 
tercostal space. There was virtually no 
bleeding. The heart was dilated and without 
apparent contractions. 

Without opening the pericardium, cardiac 
massage was started with the flaccid heart 
rhythmically pressed between the operator’s 
forefinger and the anterior thoracic wall. 
After five compressions the tonus of the 
heart improved and within ten cycles there 
were spontaneous contractions of the ven- 
tricles. Within a few minutes the heart rate 
was 150 per minute. 

The effect of the return of cardiac action 
was startling: with the first few strokes the 
color of the skin became pink and the infant 
started to ery loudly. Endotracheal intuba- 
tion was not performed for approximately 5 
minutes. Despite the fact that the infant 
was using only one lung until intubation, it 
nevertheless oxygenated fairly well and was 
capable of relatively vigorous, intermittent 
crying. 

After cardiac action had resumed the 
bleeding was controlled, oxytetracycline 
was instilled into the pleural cavity, the 
collapsed lung was inflated and the wound 
was closed in layers. During this procedure 
a compensatory transfusion of 50 ml blood 
was given. Continuous suction was applied 
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to the left pleural space, the child was « x. | 
tubated and started on antibiotics. 


The recovery of the infant was entir: ly 
uneventful. The pleural suction was (d:s- 
continued after 24 hours. Electrocardiograins 
revealed normal standard and _ precordial ' 
leads. Despite repeated and thorough neuio- 
logical examinations no signs of CNS damaze 
were noted. The serum bilirubin fell steadiiy. 
The general appearence and attitude of tiie 
child was not different from that of a normal 
child: she gained weight steadily and was 
discharged from the hospital on the 20th day 
of life weighing 2210 g. Follow-up examina- 
tion at the age of 3 months was entirely 
normal. 

The second infant, an immature female 
twin with a birthweight of 1700 g and be- 
longing to blood group A Rh pos, was de- 
livered subsequent to extraction of its dead 
twin brother. The delivery terminated an 
uneventful 33 week pregnancy. The imme- 
diate neonatal period was uneventful but on 
the third day of life she developed icterus 
with an indirect bilirubin of 10 mg/100 ml, 
which increased to 21.5 mg/100 mi on the 
fourth day of life. The child was then admit- 
ted to the children’s clinic for exchange trans- 
fusion. The mothers blood, type 0 Rh pos, 
contained anti-A antibodies and an exchange 
transfusion was performed with 0 Rh pos 
rbe in A Rh pos plasma. The infant was in 
good condition when the transfusion was 
started, cried vigorously and did not show 
any signs of circulatory or respiratory dis- 
turbances. The transfusion was performed 
through the umbilical vein and the adminis- 
tered blood was thermostatically heated to 
36°. 

When the transfusion was almost com- 
pleted and 220 ml blood had been exchange, ' 
the child suddenly became pale-cyanotic ard 
stopped breathing after 2-3 gasping i: - 
spirations. The head was immediately lov - 
ered, oxygen was administered by mas 
with positive intermittent pressure withoi.t 
apparent effect upon the color of the skin «r 
upon the general condition of the chil. 
Auscultation over the heart revealed no hea t 
sounds and efforts to reinstitute regul:r 
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heart action were immediately started. The 
legs and arms of the infant were raised to 
provide increased venous return to the right 
heart, vigorous compressions of the thorax 
over the heart were performed rhythmically, 
and the precordium was repeatedly beaten 
while oxygen was given with intermittent 
positive pressure. When after two minutes 
these procedures had had no effect upon the 
child who remained lifeless and pale-cyanotic, 
a thoracotomy was performed. 

The incision was made along the 5th inter- 
space in the precordium and when the 
thoracic cavity was incised and the lung 
had collapsed, the heart was found to be 
completely dilated, bluish grey in color and 
without apparent contractions. When the 
heart was palpated it gave the impression of 
being completely atonic without vibrations 
or contractions. 

Massage was started with the heart be- 
tween the operator’s forefinger and the an- 
terior thoracic wall. After 10 compressions 
the tone began to return and these first ten 
compressions had a dramatic effect upon the 
general status of the child. The color of the 
skin improved and the child began to take 
deep voluntary inspirations. Eye move- 
ments returned. There was, however, still no 
spontaneous heart action seen or felt. At 
this time endotracheal intubation was at- 
tempted unsuccesfully and intermittent po- 
sitive pressure with oxygen by mask was con- 
tinued. After five minutes of massage at a 
rate of 80/min the heart still did not have any 
contractions of its own. The infant was react- 
ing reasonably normally with efforts to cry 
and making regular breathing movements 
with her right lung. Three ml of Ca gluconate 
Wes now injected into the right ventricle 
ail massage was continued. When at seven 
minutes still no spontaneous heart action 
W's apparent, 0.2 mg adrenalin was injected 
n racardially. After a total of 10 minutes of 
m issage the first heart action was felt, and 
v tricular contractions at a rate of 20/min 
st::rted. 


lanual massage was continued untill the 
8} ntaneous heart rhythm at 14 minutes 
h: | reached approximately 200/min. The 


child now cried vigorously and the cyano- 
sis completely disappeared. Slight bleeding 
started from the margins of the wound but 
could easily be controlled. The pediatric 
surgeon completed the wound closure and 
established pleural drainage. A transfusion 
of 20 ml was given with an apparently bene- 
ficial effect on the infant, whose skin became 
more pink. Antibiotics were administered, 
X-ray of the chest revealed good expansion of 
the left lung. 

The recovery of the patient was remark- 
ably uneventful and the day after the epi- 
sode the infant was able to drink from the 
bottle and appeared perfectly well. No signs 
of CNS damage were observed during the 
hospital stay that lasted for another two 
weeks, nor were there any at a follow up 
examination one month later. Electrocardio- 
graphic tracings revealed no signs of myo- 
cardial damage. 


Discussion 


The authors do not wish to speculate as 
to the cause of cardiac arrest during ex- 
change transfusions as these problems 
will be dealt with in a forthcoming com- 
munication. The present discussion will be 
limited to some problems associated with 
the treatment of the cardiac arrest in in- 
fants. 

The finding in both the reported cases of 
a hypotonic dilated heart denotes the 
presence of ventricular asystole, a situa- 
tion that in contrast to ventricular fibril- 
lation should be treated only by mechani- 
cal stimulation [8]. Although thoracoto- 
my, with intermittent manual compres- 
sion of the heart must be considered to be 
the most effective mechanical stimulus 
and also the most effective circulatory 
adjuvant in cardiac arrest, the treatment 
of the asystolic heart has recently been the 
subject of several communications, report- 
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ing good results from various procedures 
not involving thoracotomy. These include 
methods such as compressing the heart 
intermittently between the anterior tho- 
racic wall and the spinal column [6, 15], 
violent compression of the upper part of 
the abdomen against the diaphragm [11], 
forceful beating on the precordium [3], 
and increasing the venous return to the 
asytolic heart by raising arms and legs of 
the patient [18]. The mechanical stimula- 
tion that a needle, introduced into the 
myocardium through the thoracic wall 
creates has been suggested as an activator 
of spontaneous heart action [7], while in- 
jection of drugs such as calcium and ad- 
renalin are supposed to be effective only 
when the injection is accompanied by ef- 
fective cardiac massage. 

All these methods have in common the 
fact that they are relatively easy to per- 
form rapidly and do not require operative 
facilities. The great danger inherent in 
their application is, however, that valu- 
able and perhaps vital time is lost if they 
are continued unsuccessfully. This may 
completely invalidate the beneficial effect 
of a successful intrathoracic treatment per- 
formed later by causing permanent CNS 
damage to the patient. Only if an ade- 
quate circulation can be maintained by 
extrathoracic methods, as has been re- 
ported for the method using thoracic 
compression [6, 15] is one justified in con- 
tinuing for some length before thora- 
cotomy is performed. The other methods 
should be tried quickly, only once, and if 
unsuccessful be followed by thoracotomy, 
manual cardiac massage and the adminis- 
tration of adrenalin and calcium [12]. 
The amazingly good effect upon the 
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circulation that could be instituted «nd' 
maintained by the one-finger-massage on 
the dilated and hypotonic myocardiim 
indicates that the small dimensions of ‘he 
immature infant do not constitute a con.’ 
traindication to thoracotomy and_ this 
opinion is further supported by the rapid ty 
and ease with which these small infants re- 
covered from the operation. Of particular 
interest in this connection is the fact, that 
spontaneous cardiac action could be rein.” 
stituted without first establishing an ef. 
fective ventilation and oxygenation by 
means of endotracheal intubation together 


with the finding that both these infants, — 


once they had regained their cerebral 
function could maintain a, seemingly suf- 
ficient, ventilation with only one func- 
tioning lung. Both these findings are some- 
what unexpected and would indicate that 
immediate endotracheal intubation is not 
imperative. This would mean that the im- 
mediate problem is one of the return of 
cardiac action and all efforts should there- 
fore be directed towards that end alone. 

It has been the aim of this report to 
emphasize that thoracotomy may be 2 
lifesaving procedure even in early infancy 
and should be considered as such and be 
performed without delay by the physician 
who recognises the situation, when “ex- 
ternal’ methods have failed. Whatever the 
cause of the cardiac arrest may be, it seems 
reasonable to suspect that cardiac stand- 
still even if not pre-signaled by alarming 
changes in the general status of the infant. 
is preceeded by electrocardiographic chen- 
ges. For this reason we would strongly 
recommend that the ECG be continuou: ly 
monitored routinely throughout an cx- 
change transfusion. 
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Summary 


Two instances of asystolic cardiac arrest 
in immature infants during exchange 
transfusions are reported. In both cases 
the collapse came as an unexpected com- 
plication at the end of the transfusion. 
When extrathoracic manipulations to re- 
store spontaneous heart action had been 
unsuccessfully performed for one and two 
minutes respectively, thoracotomy was 
performed and cardiac massage instituted. 
Spontaneous heart action started in one 
case shortly after manual compressions 


had been instituted and in the other case 
after 10 minutes of massage and the ad- 
ministration of calcium and adrenalin. 
The recovery of the infants was completely 
uneventful and no signs of CNS damage 
could be detected at the age of two and 
three months respectively. Methods to 
institute cardiac action are discussed and 
it is stressed that thoracotomy and cardiac 
massage are comparatively easy proce- 
dures not contraindicated by the small size 
of these infants. The use of continuous 
ECG control during exchange transfusion 
is recommended. 
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CASE REPORT 


Hamman-Rich Syndrome 


by S. VESTERMARK 


Department of Pediatrics (Head: J. Vesterdal) and Department of Pathology (Head: H. Poulsen), 
Sundby Hospital, Copenhagen 


In 1935 Hamman & Rich (16) published 
the first cases of idiopathic, diffuse, inter- 
stitial fibrosis of the lungs, but it was not 
until after 1944 (17) when they described 
the syndrome again, that an interest in 
this disease was aroused. Since then about 
100 cases have been reported. In 1957 
Rubin & Lubliner (34) collected a total 
of 64 cases, partly from the literature and 
partly their own. A few of these, however, 
also suffered from other diseases which 
might have contributed to the lung disease. 
A more critical report was published in 
1959 by Donohue et al. (8), who collected 
87 cases from the literature and added 10 
cases of their own. Of these 97 cases only 
12 were children. The syndrome thus 
seems to be very rare in childhood, or at 
least rarely recognized as such. 


Case Report 


J. 811/59. Girl, born in 1949 as the second 
child. The sister is well. No family history 
of heart or lung diseases. Development was 
normal. In December 1955 she was operated 
on for perforated appendicitis. Before opera- 
tion tachycardia was observed, but no other 
symptoms of heart or lung diseases. Since 
the operation she has had increasing cya- 
nosis, loss of appetite, and a tendency to 
fainting during effort, but no edema, and 


no cough. In August 1957 she was admitted 
to the Pediatric Department at Sundby 
Hospital. 


Physical Findings 


Cyanosis of the lips and dyspnea, slightly 
enlarged liver, but no edema and no drum- 
stick fingers. BP100/50. Auscultation of the 
lungs was normal. Auscultation of the heart 
revealed a gallop rhythm in the 4th left 
interspace and a faint systolic murmur over 
the precordium. When readmitted to the 
hospital in 1958 and 1959, she complained 
of a tendency to sweating, a feeling of cold 
feet, headaches and a short dry cough, par- 
ticularly at night. The condition gradually 
progressed. From November 1958 edema and 
ascites were also observed but still there 
were no signs of drumstick fingers or watch- 
glass nails. Examination of the heart cle- 
monstrated enlargement 2 cm lateral to the 
mid-clavicular line. A loud, harsh systolic 
murmur was heard throughout the precor- 
dium. Auscultation of the lungs was normal. 
Death occurred in November 1959. 


Laboratory Examinations 1957 


X-ray examination: lungs normal, heart 
moderately enlarged. Electrocardiogram: 
right axis deviation. Electrophoresis of seri.m 
protein was normal. Blood urea 38 mg ’ 
Arterial oxygen saturation 96%. Eryto- 
cytes 5.69, 6.23, 5.9 million. Leukocy es 
16,300, 12,000 and 17,700 mm. Different:al 
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Fig. 1. Microscopy from the lung. Note the diffuse pronounced fibrosis of the alveolar septa 
(v. Gieson—Hansen: x 73). 


count normal. Urine revealed varying pro- 
teinuria (maximally 0.2%). Heart cathe- 
terization (performed by Ib Boesen, M.D., at 
Dronning Louises Bornehospital) showed 
pulmonary hypertension and an increased 
diastolic pressure in the right auricle and 
right ventricle, plus low oxygen saturation 
in the venous blood. 


September 1959 


X-ray examination of the thorax (Fig. 2): 
lungs normal, heart enlarged with a promi- 
nence of the pulmonary arch, the right auricle 
an’ the right ventricle. Blood pressure 85 
sysiolic. ECG showed right axis deviation, 
Q, 4 mm, flat, T, isoelectric, 
nevative, qRs pattern in V24, RS pattern 
in Vy. Rbe 5.2 million, leukocytes 8040; 
dif‘erential count, neutrophilia. Urine nor- 
m:, but two days before death proteinuria 
agin appeared. Treatment: digitalis, mercu- 
ris’ diuretics, chlorothiazide and penicillin, 
wi out any certain effect. Steroids were not 
given. 


Autopsy 

This was performed by Hemming Poulsen, 
M.D. Fifteen hundred ml of serous fluid 
were found in each pleural sac. The surfaces 
of the serous membranes were smooth and 
giossy without fibrinous coating. Lungs: 
medium-sized, with slight emphysema in 
both upper lobes, and with slight atelectasis 
in the inferior lobes. Specimens of the tissue 
from all pulmonary lobes floated on water. 
Incision through each pulmonary lobe 
revealed no macroscopic focal changes, in 
particular no pneumonic processes. The 
consistency was not increased and there was 
no edema. Trachea and bronchi were normal. 
The pulmonary artery showed slight athero- 
matosis at the bifurcation, but no changes in 
the branches. The heart measured 8 x 9 cm 
and weighed 670 g. The endocardium was 
normal. The tricuspid valve was dilated and 
measured 11 cm cut open. Both the right 
ventricle and the right auricle showed a 
very high degree of dilatation. The wall of 
the right ventricle was also markedly hyper- 
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Fig. 2. X-ray of the chest 2 months before death. Note the abscense of pulmonary fibrosis. 
H = right side. 


trophic, and measured 7 mm upwards and 
11 mm downwards in thickness. The papil- 
lary muscles were much thickened. The 
pulmonary ostium was natural. The left 
heart was normal. In the other parenchyma- 
tous organs there was marked congestion. 
There was moderate edema of the lower 
extremities. There was 1000 ml of clear, 
light ascitic fluid and 150 ml of clear fluid 
in the pericardium. 

Microscopy of the lung tissue (Fig. 1). All 
the lung lobes showed essentially the same 
histological picture, although the degree of 
the changes varied considerably. The changes 
were most pronounced in the lower lobes, 
and in each of the lung lobes subpleurally. 
Connective tissue increase was seen in the 
alveolar walls, at some places with many 
collagenous fibrils, at other points with many 
fibroblasts. Dilated, blood-filled capillaries 
were often observed, whereas there were 
only a few, small, and dispersed infiltrations 


of lymphocytes. Granulocytes or plasma cells 
were not found. The alveolar epithelium was 
flat to cuboid. There was no edema, but a 
number of macrophages containing blood 


pigments were found in many alveoli. 
Hyaline membranes were not found. The 
bronchi showed a slight increase of the 
connective tissue of the adventitia, but no 
inflammation. In the branches of the 
pulmonary artery proliferation of the connec- 
tive tissue occurred in the adventitia as well 
as in the muscularis mucosa. The intima was 
within normal limits. There were no throm- 
boses nor muscular hyperplasia. Elastic 
tissue staining (11) showed no abnormalitics. 
Microscopy of the heart revealed rather 
pronounced fibrosis of the myocardium. No 
inflammatory cells were present. Microscopy 
of cerebrum demonstrated edema and acute 
and chronic anoxemic changes. 


Discussion 


Clinically, Hamman-Rich syndrome is 
characterized by cough, fever, loss of 
weight, tendency to perspiration, cyano: is 
and dyspnea (34), all of which are no1- 
specific symptoms of heart and lung 
disease. X-ray examination of the thor:.x 
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HAMMAN-RICH SYNDROME 


TasLE 1. Previously described cases of 
Hamman-—Rich syndrome in children veri- 
fied by lung microscopy. 


Age 
Sex at death 

Lunseth etal. (1955) F 11 weeks 
Bradley (1956) F 9 years 
Grant et al. (1956) F 13 years 
Donohue (1956) F 1} years 

F 7 weeks 
Aranson (1956) M 9 years 
Obracaj etal. (1956) F ? 

F 3 years 

F 8 years 
Baar et al. (1957) M 3 years 
Feinerman et al. (1957) M ? 

F 7 months 
Donohue etal. (1959) F 6 months 

F 1 year 

F 8 months 
Mann (1959) F 8 months 
Wilson et al. (1960) M 3 months 

F 1 month 

+ 2 cases, 
not described 

shows varying, non-specific lung in- 


filtrations (6, 20, 30, 34), or may even be 
normal (19, 31). Cor pulmonale is seen in 
about 50% of the cases (30). The labora- 
tory tests do not give any definite support 
to the diagnosis (20, 34). Cardiac cathe- 
terization shows increased pressure in the 
right ventricle and pulmonary artery and 
reduced arterial oxygen saturation (36). 
In our case the pressure was increased but 
the arterial oxygen saturation was normal 
and there was a large arterio-venous oxy- 


gen difference as is seen in primary pul- 


monary arterial hypertension (9). 

nly microscopic examination of the 
lun: tissue can give the correct diagnosis 
(6, 32). The microscopic picture is first 
and foremost characterized by a diffuse 
int’ stitial increase of connective tissue, 
met ‘plasia of the alveolar epithelium cells, 
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thickening of the alveolar septa because of 
proliferation of fibroblasts, dilatation and 
proliferation of capillaries, and edema. 
Sometimes hyaline membranes are seen. 
Either no or only slight organization of 
alveolar exudate is seen. The vessels are 
often moderately hypertrophic because 
of hyperplasia of the intima or media (14, 
15, 17, 32). 

As has been stated previously, the 
etiology is unknown. Fibrosis of the lungs 
as such is a non-specific reaction (38) 
which may be caused by numerous agents 
(6), including infections, inhalation, sys- 
temic diseases, circulatory disturbances 
and irradiation. Some authors, for ex- 
ample, Baar et al. (2), mention collagenosis 
as an etiologic possibility, but the micro- 
scopic picture of the lung tissue in collagen 
diseases seems, however, to be slightly 
different from what is seen in the Ham- 
man-Rich syndrome (10, 23, 27, 33). 
Several authors, among others Pokorny 
et al. (32), believe the cause to be due to 
insufficient resolution following one or 
more attacks of interstitial pneumonia 
because of a defect in fibrinolysis. Proof 
of this theory is still lacking. Other authors 
mention the possibility of a hereditary 
disposition (24, 38) or a hereditary con- 
genital defect of lung tissue (8). Of the 
reported cases about 25% have had a 
familial occurrence. Congenital dysgenesis 
of the lung tissue may well expiain the 
cases in infants. 

In Table 1 are listed the previously re- 
ported cases in children in which micro- 
scopic examination of the lung tissue is 
reported. Donohue’s two cases (7) and the 
case published by Lunseth et al. (22) were 
previously described as interstitial plasma 


cell pneumonia, but Donohue e¢ al. (8) later 
revised these diagnoses when no pneumo- 
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cystis carinii were isolated, and now con- 
sider them a form of pulmonary dysgenesis. 
Wilson e¢ al. (39) state that the microscopic 
picture in their four cases in prematures is 
quite like the picture in Hamman-—Rich 
syndrome, but all the same they call them 
‘‘a new form of respiratory disease’ as no 
cases have been reported in the neonatal 
period. This point of view is hardly correct, 
as there are descriptions of cases in children 
in all age groups including early infancy. 
The existence in the neonatal period fits 
well with the theory advanced by Donohue 
et al. of congenital pulmonary dysgenesis (8). 

In addition to the cases listed in the table, 
there are other cases in the literature where 
the diagnosis is more uncertain or even 
doubtful. This is true about Brezina’s four 
cases (4), one of the cases described by 
Donohue et al. (8), and about Levinsky’s 
case (21), because microscopic examination 
of the lung tissue was not performed in these 
cases. The case reported by Marie e¢ al. (26) 
differs both macroscopically and micro- 
scopically from the usual picture, but may be 
considered as a variant of Hamman-—Rich 
syndrome. On the other hand, the diagnosis 
in Diamond’s case (5) is hardly correct, as 
has also been pointed out by Donohue e¢ al. 
(8). In addition to fibrosis of the lungs 
Diamond found rather pronounced changes 
in the vessels, which may have been the 
primary cause of the lung disease. 


Of the certain cases listed in Table 1, 
and our own case, 15 are girls and only 
four are boys. This does not correspond to 
the distribution found among adults, 
where the number of cases among men and 
women is equal (8). The unequal distribu- 
tion must, however, be evaluated with 
some caution because of the few cases 


reported among children. 
In some cases treatment with cortisone 
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has shown to have a good effect; most of. | 
ten it has only given subjective improve. 
ment (12, 13, 18, 20, 37), but in a few cases 
an improvement in the X-ray appearaiice 
of the lungs has been reported (29, 31, 35). , 
On discontinuation of the treatment death 
has occurred a few days later in some cases, 
for which reason it must be recommenced 
that treatment be continued without any 
regard to a lacking effect (20, 29, 35). 
In order to achieve an effect with cortisone.’ 
it is important to start treatment as early 
as possible in the course of the disease, 
since steroids can only delay the prolifera- 
tion of the fibroblasts, and are without 
effect once fibrous tissue is formed (20, 29. 
31). 

Without cortisone the prognosis is bad. 
but the duration of the disease may vary 
from weeks to many years (8). It may be 
possible to improve the prognosis some- 
what with cortisone treatment (31, 37), but 
the observations to date are too few and 
of too short duration to permit a final 
evaluation. 


Summary 


A case of the Hamman-Rich syndrome) 
in a 10 year old girl is reported. The dura- 
tion of the disease was 5 years. Microscopy 
of the lung tissue showed an_ increase 
of connective tissue and dilated capillaries 
in the alveolar walls. Treatment with 
digitalis, penicillin and diuretics wer’ 
without effect. A survey of previously 
reported cases of this syndrome in children 
is given. 


9. 


|| 
3 
4. 
5. 
6. 
7 
10. 
11. 
13 
14. ( 
15. 4 
17, 
2 f 


st of. | 
ve- 
Cases 
rance 
, 33). 


death 


ease, 
ifera- 
shout 
), 29, 


bad. 
vary 
be 
ome- 
), but 
and 
final 


rome) 
lura- 
copy 
rease 
a ries 
with 
wert’ 
yusly 


dren 


HAMMAN-—RICH SYNDROME 


409 


References 


|. ARANSON, A.: Hamman-Rich syndrome. J 


» 


9. 


Maine Med Ass, 47: 105, 1956. 

Baar, H. 8S. and Brain, F.: Diffuse pro- 
gressive interstitial fibrosis of the lungs 
in childhood. Arch Dis Child, 32: 199, 
1957. 


. BrapDLey, C. A.: Diffuse interstitial fibrosis 


of the lungs in children. J Pediat, 48: 442, 
1956. 


. Brezrina, Z.: Uber Lungenfibrose im Kindes- 


alter. Kinderdrztl Prax, 27: 57, 1959. 

DIAMOND, I.: The Hamman—Rich syndrome 
in childhood; report of a case with uni- 
lateral pulmonary arterial and venous 
stenosis and atriovenous occlusion. Pe- 
diatrics, 22: 279, 1958. 

DonoGHuE, F. E. and Woo.ner, L. B.: 
Pulmonary fibrosis., Med Clin N Amer, 
1009, 1954. 

DonNoHUE, W. L.: Interstitial plasma cell 
pneumonia. Lab Invest, 5: 97, 1956. 
DONOHUE, W. L., LAski, B., Ucutpa, I. and 
Munn, J. D.: Familial fibrocystie pul- 
monary dysplasia and its relation to the 
Hamman-—Rich syndrome. Pediatrics, 24: 

786, 1959. 

DRESDALE, D. T., Scouttrz, M. and Micu- 
tom, R. J.: Primary pulmonary hyper- 
tension. Amer J Med, 11: 686, 1951. 

ELLMAN, P. and CupKkowicz, L.: Pulmonary 
manifestations in the diffuse collagen 
diseases. Thorax, 9: 46, 1954. 

ESKELUND, V.: Fast two-step trichrome 
staining for paraffin and frozen sections 
combining demonstration of elastic fibres, 
fibrin and mucus with v. Gieson stain. 
Acta Path Microbiol Scand, 40: 105, 1957. 


2. FEINERMAN, B. and Harris, L. E.: Unusual 


interstitial pneumonitis. Proc Mayo 
Clin, 32: 637, 1957. 

FREEDMAN, A. and Deaton, W. T.: Diffuse 
interstitial fibrosis of the lungs (Ham- 
man—Rich syndrome). Successful pallia- 
tion of a case with steroid therapy. Dis 
Chest, 34: 547, 1958. 

GOLDEN, A. and Bronk, T. T.: Diffuse 
interstitial fibrosis of lungs. Arch Int 
Med, 92: 606, 1953. 

GRANT, I. W. B., Hiiuis, B. R. and Davip- 
son, J.: Diffuse interstitial fibrosis of the 
lungs (Hamman-—Rich syndrome). Amer 
Rev Tuberc, 74: 485, 1956. 

HAMMAN, L. and Ricu, A. R.: Fulminating 
diffuse interstitial fibrosis of the lungs. 
Trans Amer Clin Climat Ass, 51: 154, 
1935. 

HAMMAN, L. and Ricu, A. R.: Acute diffuse 
interstitial fibrosis of the lungs. Bull 
Johns Hopkins Hosp, 74: 177, 1944. 

Harris, M. S., Preuss, F. S., GoLpMAN, A. 


61173114 Acta Paediatrica Vol. 50 


te 


29. PeaBopy, J. W., 


2. Pokorny, C. 


3. PRICE, 


and FRIEDMAN, N.: Cortisone therapy in 
Hamman-Rich syndrome. Amer Rev 
Tuberc, 76: 123, 1957. 

. Heprieston, A. G.: Chronic diffuse inter- 
stitial fibrosis of the lungs. Thorax, 6: 
426, 1951. 

. Horr, H. R.: The Hamman-—Rich syndrome. 
New Engl J Med, 259: 81, 1958. 

. Levinsky, L.: Chronicka diffusniintersticialni 
fibrosa plic (idiopathické). Cas Lék Ces, 
92: 976, 1953. 

. LuNSETH, J. H., Krrmse, T. W., PREzYNA, 
A. P. and Gertu, R. E.: Interstitial 
plasma cell pneumonia. J Pediat, 46: 137, 
1955. 

. Lustox, M. J. and Kuzma, J. F.: Rheumatic 
fever pneumonitis: A clinical and patho- 
logic study of 35 cases. Ann Int Med, 44: 
337, 1956. 

. MacMitian, J. M.: Familial pulmonary 
fibrosis. Dis Chest, 20: 426, 1951. 

. Mann, T. P.: Diffuse progressive interstitial 
fibrosis of lungs in infaney. Proc Roy Soc 
Med, 52: 638, 1959. 


3. MARIE, J.. HENNEQUET, A., H&BERT, S. et 


Bocquet, L.: Sur une variété particuliére 
de fibrose pulmonaire subaigué de 
lenfant, avec aspect cérébroide de la 
surface des poumons. Sem Hép Paris, 
33: 4018, 1957. 

. McGeHEE Harvey, A., SHULMAN, L. E., 
Tumutty, P. A., Contey, C. L. and 
Scuoenricu, E. H.: Systemic lupus 
erythematosus: Review of the literature 
and clinical analysis of 138 cases. Me- 
dicine (Balt), 33: 291, 1954. 

. OBracas, W. and NEORAL, L.: Postepujaca 
Srédmiqzszowa marskogé pluc_ wieku 
dzieciecego. Pediat Pol, 31: 509, 1956. 

BUECHNER, H. A. and 
ANDERSON, A. E.: Hamman-Rich syn- 
drome. Arch Int Med, 92: 806, 1953. 

. Peasopy, J. W. and PeaBopy, J. W., Jr.: 
Diffuse fibrosing interstitial pneumonitis 
(Hamman-Rich syndrome). Dis Chest, 
26: 709, 1954. 

. Prnney, C. T. and Harris, H. W.: Ham- 
man-Rich syndrome. Amer J Med, 20: 
308, 1956. 

and Hetiwie, C. A.: Diffuse 

interstitial fibrosis of the lungs. Arch 

Path, 59: 382, 1955. 

T. M. L. and SKEtton, M. O.: 
Rheumatoid arthritis with lung lesions. 
Thorax, 11: 234, 1956. 

. Rusin, E. H. and LuBLINner, R.: The 
Hamman-—Rich syndrome: Review of the 


literature and analysis of 15 cases. 
Medicine (Balt), 36: 397, 1957. 
5. ScHECHTER, M. M.: Diffuse interstitial 


| | 
| 
any 
35). 5. 22 
sone,’ 
early 
23 
6. if 
7 24 
25 
10. 
11. 
13 
30 
14 
31 
3 
3 
34 
] 


410 


fibrosis of the lungs. Amer Rev Tuberc, 
68: 603, 1953. 

36. SILVERMAN, J. J. and Taxsort, T. J.: Diffuse 
interstitial pulmonary fibrosis camou- 


flaged by hypermetabolism and cardiac 
failure: Ante-mortem diagnosis with 
biopsy and catheterization studies. Ann 
Int Med, 38: 1326, 1953. 

37. Van Styck, E. J.: Diffuse interstitial pul- 
monary fibrosis (Hamman-—Rich syn- 


Submitted Nov. 11, 1960 
Accepted Nov. 25, 1960 


S. VESTERMARK 


drome): Diagnosis by lung biopsy; 
treated with cortico-steroids. Dis Ch: st, 
31: 593, 1957. 

38. WILDBERGER, H. L. and Barciay, W. it.: 
Diffuse interstitial pulmonary fibrosis. 
Ann Int Med, 43: 1127, 1955. 

39. WiLson, M. G. and Mikxity, V. G.: A new 


form of respiratory disease in prematurvs, 


Amer J Dis Child, 99: 489, 1960. 


Department of Pediatrics 
Sundby Hospital 
Copenhagen 

Denmark 


Tl 
to di 
in t 
goitt 
The 
diag 


lishe 


A 
hosp 
hist« 
cous 
simil 
had 
diet 
The 
even 
norn 
was 
90 
per. 
thyr 


| 
with 
for ¢ 
im} 
bits 
ve 
tw 
th 
in 
ha 


tries 


Acta Pediatrica 50: 411-416. July 1961 


CASE REPORT 


Goitrous Hypothyroidism Simulating Thyrotoxicosis 


by VICTOR R. BLOOM 


The Hospital for Sick Children, Great Ormond Street, London, W.C. 1. 


The following case is reported in order 
to draw attention to diagnostic difficulties 
in the case of a boy who developed a 
goitre and was said to be unduly nervous. 
The results of medical treatment, once the 
diagnosis of hypothyroidism was estab- 
lished, were impressive. 


Case report 


A boy of 8 was admitted to another 
hospital in November, 1954, with a month’s 
history of swelling of the neck. His maternal 
cousin and aunt were said to have had 
similar swellings and partial thyroidectomy 
had been performed in each case. The family 
diet did not suggest a deficiency of iodine. 
The early life of the patient had been un- 
eventful and he had passed his milestones 
normally. He was of average intelligence. He 
was found to have a radio-iodine uptake of 
90 per cent with a 24-hour excretion of 10 
per cent, which was considered in favour of 
thyrotoxicosis. 

He was treated with iodine for a month 
without improvement; the dose was doubled 
for a further month, but again there was no 
improvement. He was then given phenobar- 
bitone, which was stopped when he became 
very excitable. In July, 1955, he began a 
tw -month course of propylthiouracil 50 mg 
thive times daily. His goitre and nervousness 
inc-eased. A thyroid murmur was said to 
ha.« been heard and he had a tremor and 
m« st palms, but no eye signs. There was no 
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history of weight loss and bowel action was 
normal. It was decided to refer him for 
another opinion as a case of thyrotoxicosis 
not responding to treatment. 

Antithyroid treatment was stopped at the 
time of admission to the Hospital for Sick 
Children in September, 1955, when he had 
a smooth, moderately firm goitre with a 
neck circumference of 34.8 cm (Figure 1). 
There was no tremor or sweating. B.P. 
100/70. Pulse 80-110. Sleeping pulse 60-90. 

Investigations. Serum cholesterol 232 mg/ 
100 ml. B.M.R. 103 per cent of normal for 
height and weight and 116 per cent for age. 
His bone age was 8 years. 

It was concluded that there was no evi- 
dence of thyrotoxicosis and that he might 
be suffering from an enzyme defect which 
impaired his ability to synthesize thyroid 
hormone. He was discharged to be observed 
without treatment. 

He attended monthly in the next five 
months when his neck appeared to decrease 
in size. He grew and gained weight slowly. 

He was readmitted in April, 1956, for 
reassessment. His neck circumference had 
decreased by 3.2 em since his previous admis- 
sion, but there were some nodules palpable 
at the right apex of the thyroid. There was 
no tremor or sweating. B.P. 120/80. Pulse 
80-120. 

Investigations. Serum cholesterol 120 mg/ 
100 ml. Haemoglobin 86 per cent. 

It was concluded that no treatment was 
indicated and he was discharged. 

During the next six months he developed 
a tremor and moist palms. He gained 1.35 
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Fig. 1. Patient in 1955, aged 9, after 10 months of antithyroid treatment. 


kg in weight, but was reported to be exci- 
table. He was readmitted in December, 1956, 
for further investigation. His neck circum- 
ference had increased to 34 cm and there 
was no change in the consistency of his 
thyroid gland. He still had a tremor and 
moist palms. No thyroid murmur was heard 
and there were no eye signs. B.P. 110/80. 
Pulse 90-120. Sleeping pulse 70-90. 

Investigations. Haemoglobin 94 per cent. 
Serum cholesterol 185 mg/100 ml. B.M.R. 
128 per cent of normal for height and weight 
and 139 per cent for age. Chest X-ray showed 
normal lung fields. There was a soft tissue 
swelling in the neck and the trachea was 
displaced and compressed. Because of the 
raised B.M.R. he was thought to be thyro- 
toxic. 

Antithyroid treatment was restarted with 
potassium perchlorate 200 mg twice daily 
on the 8th January and, on the 22nd 
January, thyroid 8 mg twice daily was 
added, and he was discharged on this therapy. 
On the 26th January his B.M.R. was 112 per 
cent of normal for height, weight and age. 
By discharge on the 29th January, his neck 
circumference was 33 ecm. 


In March, his neck circumference had in- 
creased to 35.5 cm and he still had tremor 
and moist palms. His voice had become 
hoarse. There were no eye signs. The potas- 
perchlorate stopped and 
thyroid continued for a further two weeks. 
Six weeks later there was no change and 
he was put on Lugol’s iodine 0.3 ml three 
times daily, which was increased by 0.06 ml 
daily to 0.6 ml three times daily. He was 


sium was 


unchanged again in September and _ the 


Lugol’s iodine was reduced to 0.18 ml twice 
daily. In November, his neck circumference 
had increased to 36.8 cm and treatment 
was stopped. By July, 1958, his neck circum- 
ference was 36.5 em. Since his discharge he 
had gained weight steadily. He was started 
on thyroid 32.5 mg three times daily in an 
attempt to suppress his T.S.H. (thyrcid 
stimulating hormone). A month later iis 
neck circumference was 34 em and he had 
gained almost 0.5 kg in weight. In Octob-r. 
his neck circumference was 33 em and iis 
pulse 84. The improvement in his goitre was 
maintained when he was seen 
1959. His pulse was 88 and he had gained 
0.9 kg in six months. He was not sweatiiig. 
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GOITROUS HYPOTHYROIDISM SIMULATING THYROTOXICOSIS 


It was felt that this response to thyroid was 
good evidence that he was unable to manu- 
facture thyroid hormone in adequate quan- 
tities and that his goitre resulted from 
excessive T.S.H. It was decided to stop all 
treatment and to readmit him at least three 
months later for investigations to settle this 
point. 

He was admitted in September, 1959, 
aged 13, and was found to be a calm, cheerful, 
co-operative boy. Bowel action had been 
normal and there had been no symptoms 
which might have been attributed to ob- 
struction due to his enlarged thyroid gland. 
He was in a Secondary Modern School where 
his educational attainments were satis- 
factory. His neck circumference was 36.2 cm. 
He was below the 10th percentile for height 
and below the 25th for weight. His colour 
was satisfactory. B.P. 126/80. Pulse and 
sleeping pulse 80-110. Apart from some 
nodules at the right apex of his thyroid, 
there was uniform soft enlargement. No 
thyroid murmur was heard and he did not 
have eye signs. His palms were moist, but 
not warm. There was no tremor. His skin 
was of normal texture. There was no sign of 
secondary sex characters. ; 

Investigations. Haemoglobin 94 per cent. 
Serum cholesterol 175 mg/100 ml. Calcium 
10.1 mg/100 ml. Phosphorus 4.0 mg/100 ml. 
Alkaline phosphatase 16 units/100 ml. Blood 
sugar curve, fasting was 105 mg/100 ml, 
} hour — 142 mg/100 ml, 1 hour — 128 mg/ 
100 ml, 14 hours — 121 mg/100 ml, 2 hours 

116 mg/100 ml, 24 hours 116 mg/100 ml. 
Twenty-four-hour urinary excretion of crea- 
tinine 875 mg and of calcium 88 mg. B.M.R. 
13% per cent of normal for age, 105 per cent 
when referred to creatinine standards of 
Talbot et al. (8). X-ray of wrists for bone 
age 11-12 years. P.B.I. 2.9 mg/100 ml. 
Radio-iodine uptake 91 per cent in 54 hours, 
raio-activity not discharged by oral potas- 
siim perchlorate (400 mg). Renal iodide 
clarance using radio-iodine 32 ml/min. 
Normal 30-35 ml/min.) The following stable 
iccine estimations were performed by Dr. 

Shalom of University College Hospital 
M.dieal School using an unpublished tech- 
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nique. Butanol extractable iodine (B.E.I.) 
3.3 mg per cent. Plasma iodine 1.3 microg 
per cent (0.2 microg per cent lower limit of 
normal). Urine iodide 93 microg/24 hours. 
(Normal 100-150 microg/24 hours.) The 
latter two samples were taken at different 
times and were, therefore, unsuitable for 
calculating the renal iodide clearance. Urine 
organic iodine 8 microg/24 hours. (Normal 
up to 10 per cent of total iodide.) Plasma 
iodotyrosines and butanol non-extractable 
iodine not detected. 

The P.B.I. and the B.E.I. performed in 
different laboratories were subnormal, there- 
by confirming the suspicion of hypothyroid- 
ism. (The former was 0.4 mg per cent less 
than the latter, which is theoretically im- 
possible, but the difference is within the 
limits of usual variability.) He was restarted 
on thyroid on the 2nd of October and this 
was increased until he was receiving 260 mg 
daily by the 20th of October. He was dis- 
charged on this dose when his neck cireum- 
ference was already reduced to 33.6 cm. 

In March, 1960, his neck measurement 
was 33 cm (Figure 2). He had gained 1.35 kg 
and grown 2.9 cm since restarting thyroid. 


Discussion 


Four specific defects in the utilization 
of iodine for the formation of thyroxine 
had been distinguished by Stanbury et al. 
(1,7). All are characterized by a high and 
rapid iodine uptake, which is unaffected 
in the latter three groups by an oral dose 
of potassium perchlorate. 


a) Failure to Organify Iodine 


These patients are unable to combine 
iodine with organic molecules so that a 
large dose of potassium perchlorate causes 
the immediate release of iodine from the 
gland. Direct assay on thyroid biopsies in 
such a case has confirmed the presence of 
inorganic iodine (6). Stanbury suggests 
that the defect is an absence of oxidase in 
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Fig. 2. Patient aged 13, five months after starting 260 thyroid daily. 


the thyroid cells. However, Haddad & 
Sidbury (3) consider that an iodinase de- 
fect and an abnormal receptor protein 
might produce the same picture. 


b) Failure of De-iodination of 
Todotyrosines 

of de-iodinase both 

thyroid and the peripheral! tissues leads 


Absence in the 
to the escape of mono and di-iodotyrosines 
into the blood and from the body. The 
hypothyroid state is considered to result 
from the loss of these hormonal precursors 
(7). 

This concept of a pure de-iodinase defect 
producing hypothyroidism has been criti- 
cised by Gardner et al. (2) who suggest 
that there must be an associated defect in 
synthesis or release of thyroxine. 


c) Failure of Coupling of Iodotyrosines 
Stanbury et al. (6) describes a patient in 
whom thyroxine is found in the blood and 


thyroid gland in subnormal quantities. 
Large quantities of mono and di-iodotyro- 
sines are found in a thyroid biopsy. Werner 
et al. (9) also feel that a failure of coupling 
may explain the defect in hormone syn- 
thesis in their case where they found large 
quantities of mono and di-iodotyrosines in 
the blood and thyroid gland with normal 


de-iodinase activity of thyroidal and pe- | 


ripheral tissues. 


d) Formation of Abnormal Jodoproteins 

The formation of metabolically inactive 
iodinated proteins may be associated with 
hypothyroidism (1). In such cases the 
P.B.I. may be high and it is the B.E.!. 
which is the more reliable index of tle 
thyroid state. 

In the present case, the data availabe 
enables three of these four defects to |e 
confidently excluded. The gland radi. - 
activity at the height of its uptake ws 
not discharged by an oral dose of pota - 
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GOITROUS HYPOTHYROIDISM SIMULATING THYROTOXICOSIS 


sium perchlorate (400 mg) as would have 
been the case if there was a defect in the 
organification or iodine. The fate of la- 
belled iodotyrosine was not determined, 
but the failure to detect iodotyrosine in 
the plasma and the urinary excretion 
of normal amounts of iodinated organic 
components makes the de-iodinase type 
of defect very unlikely. Iodine was not 
detected in the plasma fraction which was 
protein precipitable, but not butanol 
extractable and this excludes the defects 
associated with abnormal iodoprotein 
synthesis. 

The possibility remains that this case 
may be similar to that described by 
Stanbury et al. (6) where the defect was 
attributed to a failure of coupling of 
iodotyrosines. The similarity would be 
established by demonstrating a raised 
iodotyrosine content of a thyroid biopsy, 
but biopsy was not undertaken. Certainly 
the case differs from that of Werner ef al. 
(9) in that iodotyrosines were not found 
in the plasma. 

The majority of cases of enzyme defects 
in the synthesis of thyroid hormone, which 
have been reported, have been charac- 
terized by obvious clinical features of 
cretinism. Though the case reported here 
would be classified as a cretin by Stanbury 
(7) using as his definition ‘‘permanent 
retardation in the development of the 
skeleton or C.N.S. resulting from thyroid 
deficiency which existed during foetal or 
early neonatal life’, it possessed few of 
te clinical features of cretinism and, in 
sich a case, the description goitrous hypo- 
t: yroidism is more helpful to clinicians 
t-an familial or sporadic cretinism. 

That this case was regarded for four 
} ars as one of thyrotoxicosis was partly 
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due to an apparently raised B.M.R., il- 
lustrating the unreliability in childhood of 
B.M.R.s related to age. Use of the creati- 
nine standards of Talbot et al. (8) led to 
the calculation of a B.M.R. which was a 
more accurate index of the thyroid state. 
A reminder is provided that thyrotoxicosis 
is not the sole cause of a raised radio- 
iodine uptake. 

The results of the treatment of the 
goitre have been very satisfactory and 
this is undoubtedly due to the large doses 
of thyroid which have been used. Thyroid 
surgery may not now be required for 
cosmetic purposes, but this would be 
indicated in the event of any increase in 
the size of the apical thyroid nodules, 
because of the possibility of malignant 
change. Hubble used 200 mg of thyroid 
daily in treating a male patient of the 
same age and had equally good results, 
but the patient of Stanbury et al. (6) was 
treated intermittently in her teens with 
smaller doses of thyroid, viz. 100 mg and 
her thyroid enlarged progressively, pre- 
sumably due to failure to remove the 
stimulus to T.S.H. production. In March, 
1960, his neck measurement was 33 cm 
(Fig. 2). He had gained 1.35 kg and grown 
2.9 cm since restarting thyroid. This weight 
gain and growth was maintained when he 
was seen in December 1960. His neck then 
measured '32.4 cm. 


Summary 


A case of goitrous hypothyroidism in a 
boy of 13 is described which has been 
successfully treated with 260 mg of thyroid 
daily. The defect in this case may have 
been due to a failure in the coupling of 
iodotyrosines. For four years the patient 
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was regarded as suffering from thyrotoxi- 
cosis. This was largely due to the associa- 
tion of goitre with nervous manifestations, 
viz. excitability, tremor and moist palms. 
An incorrectly interpreted radio-iodine up- 
take and an apparently raised B.M.R. 
were thought to support the diagnosis. 
Indications of the true diagnosis were the 
family history of goitre without iodine 
deficiency, the retarded physical develop- 
ment and bone age, the normal tempera- 
ture of the palms, the failure to confirm 
the presence of the thyroid murmur, the 
absence of eye signs, the discrepancy be- 
tween the sleeping and the waking pulse, 
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the failure to respond antithyroid trea‘. 
ment and the good response to treatment 
with thyroid 30 mg three times daily 
before the diagnosis was established. The 
finding of a low P.B.I. clinched the diay:- 
nosis of hypothyroidism. 
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CASE REPORT 


Leydig Cell Tumour of the Testis in a 63 Year Old Boy 


by PETER JOHAN MOE and OLAV HILMAR IVERSEN 


From the Department of Paediatrics, Rikshospitalet and Universitetets Institutt for Generell og Eksperi- 
mentell Patologi, Oslo, Norway 


Leydig cell tumour is a rare condition, 
especially in children. About 30 cases have 
hitherto been reported. Bishop et al. have 
recently reviewed 26 cases (1). Savard et 
al., in March 1960 (4), reported a case of 
virilizing tumour in the testis. The tumour 
had the morphologic appearance of a 
Leydig cell tumour, but biochemical activ- 
ities were suggestive of an adrenocortical 
origin. In children the tumour is invariably 
associated with precocious masculiniza- 
tion. In the present paper the condition 
is discussed in connection with a case re- 
port and with particular reference to uri- 
nary steroid excretion. 


Case Report 


A boy aged 6} years (Hospital records 
U.H. 9801) was admitted to the Paediatric 
Department of Rikshospitalet in January 
1960 because of precocious puberty. There 
had been no known endocrine disturbance 
in his family. He was the product of an un- 
complicated delivery at term and weighed 
3°00 g, and measured 53 cm. He developed 
normally to the age of 2 years. When he 
started to talk, he was noted to have an 
unusually deep voice and the voice became 
eon deeper as time proceeded. From the age 
0! 3 years he began to grow unusually 
ri jidly and in particular his penis became 
lavger than normal. Pubic and axillary hair 
W first noted when he was 4 years old, 


and at the same time he exhibited acnei- 
form eruptions. There have been no known 
erections or emissions. 

Physical examination on admission re- 
vealed a boy with the appearance of a mus- 
cular and hirsute youth (Fig. 1). His height of 
146 cm was at the 90th percentile for 10 
years of age. He had short lower extremities, 
measuring from the top of the symphysis to 
the heels 71 cm, with an upper/lower seg- 
ment ratio of 1.06 (the average ratio for an 
8 year old boy). His weight of 45.9 kg was at 
the 97.5th percentile for his height. There 
were pronounced acneiform eruptions, the 
voice was deep and he had extensive growth 
of pubic and axillary hair. 

The penis was of adult size and proportion, 
measuring in the nonerectile state 11 cm. 
The left testis was enlarged, measuring 3 x 2 
cm, with a localized firm nodule in the poste- 
rior part. The right testis was small, measur- 
ing 2 x 1 em. The blood pressure was 100/70. 
The patient’s mental capacity corresponded 
to his chronological age, but he was rather 
shy and reserved. 

Laboratory findings: The concentration 
of Hb. was 14.7 g/100 ml, the leucocyte count 
6200 mm? with 43 percent neutrophiles, 4 
band forms, 2 monocytes and 51 lympho- 
cytes. Erythrocyte sedimentation rate was 5 
mm/h. Repeated routine urinalyses were 
normal. The serum concentration of potas- 
sium, sodium and nitrogen urea were also 
normal. The results of hormone analyses 
on 24 hours urine are shown in the table. 
Roentgenograms of the skull, chest and skele- 
tal system were normal, except for a bone 
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age corresponding to about 17 years. Pyelv- | 
grams were normal and there were ro 
roentgenologic signs of adrenal tumour. An 
electroencephalogram was normal. The ac- 
ministration of 100 mg cortisone daily for ten 
days did not diminish the size of the left » 
testis, and had no influence on the amount 
of 17-ketosteroids in the urine. A biopsy froin 
the firm nodule in the left testis revealed 
a considerable proliferation of interstiticl 
cells, interpreted by the pathologist as Ley- 
dig cell tumour or hyperplasia. 

Based on the above, the patient was con- ' 
sidered to have a Leydig cell tumour and an 
extirpation was performed February 1, 1960. 
During the operation a biopsy specimen was 
taken from the right testis. 

The gross specimen revealed a testis mea- 
suring 3.5 x2.5x2 em. The cut surface 
showed a central area of grayish-brown 
colour, with a sharp boundary to normal 
testis parenchyma (Fig. 2). Microscopically 
the central area consisted of relatively uni- 
form, large polyhedral cells with eosinophilic 
granular cytoplasm containing lipoid vacu- pig. 
oles. There were no crystalloids present. The — with 
nuclei were round, slightly eccentric and 
Fig. 1. The patient prior to the operation together regular. The tumour had no capsule, but was } 

with a normal boy of the same age. clearly demarcated. Scattered atrophic testi- 
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Fig. 2. The gross specimen showing the cut surface of the testis, with a central, grayish-brow 2 ple: 
area and the arrow pointing to the borderline between this and normal testicular parenchym °. 
The epididymis and the spermatic cord to the right. 
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Fig. 3. 


Low magnification picture showing the clearly demarcated tumour tissue to the right 


with seattered atrophic testicular tubules in the tumour-parenchyma. Normal testis tissue to the 


cular tubules were seen in the tumour paren- 
chyma. 

The testicular tissue outside the tumour 
showed normal tubules with spermatogonies, 
spermatocytes, but no mature sperms. 
Interstitial cells were neither observed in 
these areas nor in the biopsy from the right 
testis. 

Follow up: Three months later, in May 
1960, he was re-admitted for follow up. 
There were no demonstrable alteration in 
his signs of precocity. The right testis had 
grown remarkably in size, measuring 4 2 


cm 
Discussion 


(‘ases of precocious sexual development 
be classified as complete or incom- 
The complete type involves an in- 
cre:sed amount of gonadotrophins. The 


ma 


ple‘ e 


left. 


sex hormones are secreted in amounts 
normal for adolescents and in boys the 
testes are fully matured. Diseases of the 
central nervous system are the underlying 
cause of this condition. 

In cases of the incomplete type there is 
precocious development of secondary sex 
characters without increased amounts of 
gonadotrophins. Diseases of the adrenal 
cortex or of the gonads are the cause. 

The clinical picture in the present case 
together with the fact that the gonado- 
trophins in all but one analysis were less 
than 6 units per day permitted classification 
of the patient as an incomplete type of 
precocious sexual development (macro- 
genitosomia praecox). 

Accordingly the possible diagnoses were 
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Fig. 4. High magnification view of the tumour: large, uniform and polyhedral cells with granu- 


lar, eosinophilic cytoplasm and lipoid vacuoles along with round, slightly eccentric and regular 


nuclei. 


either adrenocortical hyperfunction (tu- 
mour or hyperplasia) or interstitial cell 
hyperfunction. (Leydig cell tumour or 
hyperplasia). The patient had an enlarged 
left testis and there were no roentgenologic 
evidence of tumour in the adrenals. The 
enlargement of the left testis might then 
depend on interstitial cell proliferation or 
on abberrant adreno-cortical tissue. Lack 
of response to a course of cortisone and a 
biopsy solved this problem. 

Hormone analyses may be of much 
help. The estimation of total 17-ketoste- 
roids in the urine is of limited aid in estab- 
lishing the cause of macrogenitosomia 
praecox. Remarkably high figures are 
likely to be due to neoplasm either of the 
adrenal cortex or of the Leydig cell. Ac- 
cording to Bishop et al. the urinary output 


of 17-ketosteroids have been reported in 
only 11 of the 26 cases of Leydig cell 
tumour in children. The findings were of 
little significance in most of the cases as 
were the low figures in our case. 
Congenital virilizing adreno-cortical hy- 
perplasia is thought to be due to a faulty 
synthesis of Compound F. Butler & Mar- 
rian described in 1937 the presence of preg- 
nanetriol in the urine of two women with 
the adrenogenital syndrome (2). This 
metabolite has later been demonstrated in 
greatly increased amounts in many fa- 
tients with adreno-cortical hyperplasia. 
Pregnanetriol has also recently been de:- 
onstrated in urine from patients with 
adreno-cortical tumour. The conclusion 
seems justified from the literature that a 
normal figure for pregnanetriol (0-( .5 
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TABLE 1. 24-hr excretion of hormones and their metabolites in the urine of A. H. 
Nov. 59 9-11.1 12-14.1 25-27.1 6-9.2 22-25.2 24.5. 60 

Gonadotrophins M.U. <48>6 <6 <6 <6 <2 Postop. <9 
17-KGS mg 1 | 6.1 4.5 yr! 1.1 4.9 5.4 
17-KS mg 12.6 3.4 4.8 6.9 3.5 3.2 
Pregnanetriol mg 0.3 0.8 
Pregnanediol 1.7 0.3 0.2 
Fractionated 17-KS: 
Androsterone mg i 1.0 1.3 
Dehydroepiandrosterone mg 0.6 0.2 0.8 
Attiocholanolone mg 0.4 0.6 0.5 


mg) in the urine for a patient with sexual 
precocity serves to exclude the possibility 
of the usual type of adreno-cortical hyper- 
plasia (without hypertension). Except for 
the case of Savard et al. (4), the urinary 
pregnanetriol level has not been reported 
in a case of Leydig cell tumour despite 
this probably being the most important 
hormone analysis for the differentiation 
between Leydig cell tumour and adreno- 
cortical hyperplasia. Savard et al. demon- 
strated in their case increased urinary 
output of pregnanetriol. The tumour also 
had in other respects activities suggestive 
of adreno-cortical properties. A cortisone 
course was not attempted. The daily 
excretion of 0.3 mg pregnanetriol in our 
case was not compatible with a diagnosis 
of abberant adreno-cortical tissue causing 
the sexual precocity. 

It is universally accepted that Leydig 
cells produce testosterone. The metabolites 
ot this hormone excreted in the urine are 
aetiocholanolone and androsterone, 

it the same two substances may also be 

etabolites of adreno-cortical hormones. 
ehydroepiandrosterone, which in normal 
ine constitutes 10-30 per cent of the 
tal 17-ketosteroids, is usually considered 

be mainly a metabolite of adreno- 
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cortical androgens. The substance gives a 
strongly positive Allen Blue Test in most 
cases of adreno-cortical tumour and may 
be weakly positive in adreno-cortical 
hyperplasia. Cook et al. applied the micro- 
chromatographic fractionation procedure 
of Zygmuntowics to the urine from a case 
of Leydig cell tumour in a 5 year old boy 
(3). Staubitz et al. (5) and Bishop et al. (1) 
fractionated the urinary 17-ketosteroids 
from three cases of Leydig cell tumour. 
A preponderance of aetiocholanolone and 
androsterone together with a decreased 
amounts of dehydroepiandrosterone was 
present in these four cases. In the case 
reported by Savard et al. there was an 
increase of the alphaketosteroids (aetio- 
cholanolone and androsterone) as well as 
dehydroepiandrosterone (and 11 oxygen- 
ated 17-ketosteroids). In our case we were 
not able to demonstrate an _ increased 
amount of the 17-alphaketosteroids but 
the method is probably of limited value 
for patients with a low total 17-ketosteroid 
output. 


Summary 


A case of Leydig cell tumour in a 6}- 
year-old boy is presented. The need for 
more elaborate methods for the biochemi- 
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cal separation of Leydig cell tumour from 
aberrant adreno-cortical tissue is stressed. 
Normal urinary output of pregnanetriol 
and a lack of increase of the 17-beta- 
ketosteroids in the urine in a patient with 
a tumour in one of the testes serve to ex- 
clude the possibility of an adreno-cortical 
disorder. 


Addendum 


Follow up: One year later, in February 
1961, there still is no demonstrable alteratio 
in the signs of precocity. The right testis is 
about the same size as in May 1960. 
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CASE REPORT 


Premature Twins with Esophageal Atresia and 


Tracheo-esophageal Fistula 


by MORTON M. WOOLLEY, ROBERT F. CHINNOCK and RICHARD H. PAUL 


From the Departments of Surgery and Pediatrics, the College of Medical Evangelists, and the 
White Memorial Hospital, Los Angeles, California 


Esophageal atresia occurs approxima- 
tely once in four thousand births. It 
rarely occurs in one member of twin sib- 
lings. Approximately 18 such infants are 
reported in the English literature (1). Six 
of these twins were “thought to be identi- 
cal”. To our knowledge, esophageal atresia 
occurring in both members of a pair of 
twins has not been previously reported 
(1, 2,3, 4). This paper is the report of a pair 
of male twins, both of whom were born with 
esophageal atresia and tracheo-esophageal 
fistula, and both of whom survived surgi- 
cal correction in spite of advanced prema- 
turity. Because these twins are of the same 
sex, have a similar appearance, have iden- 
tical anomalies and identical serologic 
phenotypes, they are believed to be geneti- 
cally identical. 


Case Report 


‘The twins were born on January 4, 1960, 
to a 33-year-old gravida III, para I, abortion 
I, ‘‘aucasian mother. Estimated duration of 
ge-tation was 34 weeks. Pregnancy was 
cc nplicated by minimal vaginal bleeding 
d: ving the third month. This responded 
tc restriction of physical activity. During 
th third trimester there was an _ ab- 


normally rapid increase in abdominal girth. 
At delivery this proved to be due to a 
marked excess of amniotic fluid. This is a 
common finding in mothers who give birth 
to infants with esophageal atresia because 
the amniotic fluid cannot reach the fetal 
intestinal tract for reabsorption (8, 9). 

The mother and father each had a child or 
children by a previous marriage. None of 
these half-siblings had congenital defects. 
The twins were the first infants of this marital 
union. The mother and father have no con- 
genital defects and none are known in rela- 
tives of either. 

At birth infant A weighed 1672 g. Infant 
B weighed 1532 g. There was a single pla- 
centa with two umbilical cords originating 
adjacent to each other near the center of the 
placenta. There were two amniotic sacs. 
The placenta and membranes were not ex- 
amined for separate or common chorions. 
Identical twins may have individual am- 
niotic sacs but do not have individual chorio- 
nic envelopes (5). 

Both twins were vigorous and no physical 
abnormalities were noted at birth. On the 
third day of life, feedings were attempted and 
were promptly regurgitated. X-rays revealed 
esophageal atresia and tracheo-esophageal 
fistula in each infant (Fig. 1). Pharyngeal 
suction was started immediately and surgical 
therapy planned. This was performed in a 
staged manner, as has been described in a 
previous communication (10). The mortality 
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Fig. 1. 

in the esophageal pouch which ends blindly at the third dorsal vertebra. Notice gas in the 

abdominal viscera indicative of associated tracheo-esophageal fistula. The gas passes from the 
trachea through the lower esophageal segment into the stomach and intestine. 


rate in premature infants with esophageal 
atresia has been unacceptably high when 
an anastomosis between the two esophageal 
segments has been performed as a primary 
definitive procedure. We now routinely treat 
premature infants by a staged regimen. 


Course of Infant A 


Infant A weighed 1442 g at age three 
days, when a Stamm gastrostomy was per- 
formed under local anesthesia (Figs. 2 and 
3). Following this the infant continued to be 
vigorous, later 
general endotracheal anesthesia the tracheo- 


and twelve hours under 
esophageal fistula was doubly ligated. This 
procedure performed extrapleurally 
through the bed of the fifth right rib (Fig. 4). 


The infant could then be fed by gastrostomy 


was 
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X-rays of twin A on the left and twin B on the right. Radiopaque dye has keen placed 


without fear of regurgitation of feedings into 
the trachea (Fig. 5). A special nurse was in 
constant attendance to insure complete re- 
moval of pharyngeal secretions. 

On January 3, 1960, fifteen days after 
ligation of the fistula there was evidence of 
formula leaking from the stomach through 
the esophagus and through the fistula into 
the trachea. The tracheo-esophageal fistu!a 
had reopened. Feedings were discontinued 
and tracheal suction performed to corre:t 
the resultant aspiration pneumonitis. The 
patient had gained 430 g fifteen days, now 
weighing 1872 g. The following day, after 
much of the aspiration pneumonitis had been 
corrected, the third surgical procedure wis 
performed. Through a transpleural rig! t 
thoracotomy the tracheo-esophageal fistu a 
was divided and an end-to-end esophage::! 
anastomosis performed (Fig. 6 and 7). Pos - 
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PREMATURE TWINS WITH ESOPHAGEAL ATRESIA 


operatively the infant developed a right up- 
per lobe atelectasis which was corrected by 
endotracheal suction. The baby was fed by 
gastrostomy for two weeks at which time 
small oral feedings were started. These 
feedings were gradually increased until full 
feedings were being taken by mouth without 
difficulty. Weight gain was satisfactory and 
on February 24, 1960, 31 days after the 
esophageal repair and at age 51 days, the in- 
fant discharged from the hospital 
weighing 2.76 kg. He has continued to gain 
weight and at age eleven months weighs 
8 kg (Fig. 8). 


was 


Course of Infant B 


Infant B weighed 1332 g at age three 
days and was treated in a similar fashion. 
A Stamm gastrostomy was performed under 
local anesthesia as soon as the diagnosis had 
been made (Figs. 2 and 3). The patient tol- 
this procedure well and remained 
vigorous. Twelve hours later the tracheo- 
esophageal fistula was doubly ligated by the 
extrapleural approach through the bed of 
the right fifth rib posteriorly (Fig. 4). A 
small opening was made in the pleura during 
the dissection, and postoperatively the in- 


erated 


fant developed a pneumothorax requiring 
The following day gas- 
started and a 


tube thoracostomy. 


trostomy feedings were 


steady weight gain ensued. 


Since infant A 


Tracheal 


jj 


2: Reflux of 


A\ astric 


Fig. 2. The lungs are insulted from two sources. 

Saliva spills over from the upper esophageal 

site and gastric contents reflux into the trachea 

through the tracheo-esophageal fistula. (Used 

with permission from Western J Surg, WooLLey, 

M. M.: The premature infant with esophageal 
atresia.) 


had had leakage from the fistula at age 
fourteen days, methylene blue was added to 
the formula of infant B so that a leak could 
be identified promptly, thus minimizing 
aspiration pneumonitis. At age 26 days the 
methylene blue appeared in the pharyngeal 
suction, therefore, the gastrostomy feedings 
were stopped, and there was no evidence of 


|Gastrostomy 
—= tube 


i. 3. A Stamm gastrostomy is performed under local anesthesia for subsequent gastrostomy 
feedings. (Used with permission from Western J Surg, idem.) 
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Fig. 4. 


aspiration pneumonitis. The infant weighed 
1895 g, a gain of 563 g in 22 days. The fol- 
lowing day the tracheo-esophageal fistula 
was divided, and an end-to-end esophageal 
anastomosis was performed transpleurally 
(Fig. 6 and 7). Gastrostomy feedings were 
continued postoperatively, and oral feedings 
were started in smali amounts and gradually 


\ Saliva re- 
moved by 
continuous 
suction 


ristula 


lidatea 
ligat 


Uastrostomy 


Fig. 5. Salivary secretions are removed from the 
upper pouch by a catheter. The infant is fed 
through the gastrostomy tube without fear of 
reflux of feedings into the trachea since the 
tracheo-esophageal fistula has been ligated. 


increased. Six weeks after the anastomosis 
the baby developed progressive difficulty 
with oral feedings, therefore a Dionosil (R) 
swallow was performed which showed a very 
tight esophageal stricture as well as recur- 
rence of the tracheo-esophageal fistula (Fig. 
9). On March 3, 1960, at age 69 days, the 


infant underwent the third thoracotomy. 


The fistula had recurred at the anastomotic 
site, and there was also a tight stricture of 
the esophagus with only a pinpoint lumen 
remaining. The fistula was reclosed, the 
stricture resected, and an end-to-end esophag- 
eal anastomosis performed. The infant again 
required endotracheal aspiration on several 
occasions postoperatively but progressed 


from gastrostomy feedings to oral feedings | 


without difficulty. The weight gain was 
steady and the infant was discharged froin 
the hospital on March 25, 1960, at age 51 
days, weighing 3.06 kg. All feedings were 
being given by mouth, his gastrostomy tule 
having been removed. Weight gain wis 
progressive, and there was no dysphag a 
until age five and one-half months at which 
time a single esophageal dilatation was r°- 
quired. This relieved both the dysphagia and 
wheezing which was due to pressure of tle 
upper esophageal segment on the trache.. 


The infant’s weight at eleven months wis | 


8 kg (Fig. 8). 
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Tracheoesophageal 
fistula divided 


Fig. 6. (a) A long incision is made through the fourth intercostal space. The pleura is opened 
widely for good exposure. This is simpler than the extrapleural route. (b) The tracheo-esophageal 


fistula is divided, the previously placed ligature being visualized. 


(Used with permission of 


Western J Surg, idem.) 


Discussion 


Haight (1957) reported a set of twins 
who were thought to be genetically identi- 
cal, but only one of whom had esophageal 
atresia (1). The embryological reason for 
this is that monozygotic twins have their 
origin within two weeks of fertilization (6). 
The lung bud does not make its appearance 
until two weeks later at approximately 
four weeks after gestation. Still later, the 
trachea and esophagus develop by septa- 
tion (6, 7). It becomes apparent then 
that, although twins may be genetically 
identical, that is, originating from one 
fertilized ovum, one of the twins may have 
-sophageal atresia because of subsequent 
development in only one of the embryos. 
‘This is given as the reason for esophageal 

resia not having occurred in both mem- 

‘rs of a set of identical twins. In other 

rds, this may be embryologically a 

velopmental defect rather than a ge- 

‘tically transmitted one. It would seem 

tirely possible, however, that this defect 


could be transmitted in a genetic sense to 
each member of a pair of identical twins. 
This case report presents such a possibility. 
These twins are of the same sex (male), 
they have a similar appearance, they have 
an identical anomaly, and their blood 
types are identical (Table 1). 


Fig. 7. The arrows indicate the esophageal 

anastomosis and the site of closure of the 

tracheo-esophageal fistula. (Used with permis- 
sion of Western J Surg, idem.) 
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Fig. 8. This is a photograph of the twins at age eleven months. Twin A is on the right and twin B 
is on the left. 


Fig. 9. X-ray of twin B. Dye was placed in the 
esophagus and immediately passed through a 


recurrent tracheo-esophageal fistula into the 

trachea and bronchi. Notice that no dye has 

passed through a very tight stricture into the 
distal esophagus. 


TABLE |. Serological types of the mother and 
father and twins. 


Mother Father TwinA Twink 
Type O A A A 
Kell Neg. Neg. Neg. Neg. 
Duffy Neg. Pos. Pos. Pos. 
MN NN MN MN MN 
CDE CDE/ce cDE/ce CDE/ce CDE/ce 


It will be noted that type A was contrib- 
uted by the father, who may or may no! 
have been homozygous for this charac- 
teristic. Both parents and infants are Kell 
negative, so that this blood factor contrib- 
utes no information to the question of 
the twins’ identity. They both inherite | 
the Duffy-positive factor from their father 
and they must both have inherited the } 
factor from their father, who was hetero- 
zygous for it, since their mother was N. 
The Rh types can be treated in terms o° 
“most probable genotypes’’ from the tes 
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re-ults; these suggest that both the father 
and the mother were heterozygous at the 
Rh locus, and that both twins inherited 
the same allele from the heterozygous 
mother, and the same allele from the hetero- 
zygous father. These results permit a sta- 
tistical deduction that the probability that 
these twins are fraternal is less than .05. 
This suggestion, that they are in fact iden- 
tical, is derived from a statistical analysis 
of the serologic types alone, and does not 
take into account the supporting evidence 
from their appearance, sex, or any other 
more subjective findings. 

In an analysis of deaths due to esopha- 
geal atresia it is found that the smaller the 
infant the less chance there is for his sur- 
vival, if a primary esophageal anastomosis 
is performed. We have found that staged 
therapy for premature infants provides a 
much better chance for survival. Simple 
ligation of the tracheo-esophageal fistula 
is the quickest and easiest way of interrupt- 
ing the fistula so that the infant can then be 
fed by gastrostomy. When he weighs more 
and is more mature, he is a better surgical 
risk, and a definitive correction can be per- 
formed at that time. 

tecurrence of the tracheo-esophageal 
fistula, which occurred in twin B, is an 
uncommon complication occurring in ap- 
proximately 1% of these infants. This 


complication is probably due to an infec- 
tion at the anastomotic site which drains 
simultaneously into the trachea and 
esophagus, thus reforming the fistula. 
There was no evidence of infection at the 
anastomotic site in this infant, but it 
could have cleared by the time surgery 
was performed. 


Summary 


To our knowledge, this is the first 
reported case of esophageal atresia oc- 
curring in both members of a pair of twins. 
These twins appear to be genetically identi- 
cal because of their general appearance, 
sex, identical anomaly, and identical sero- 
logic genotypes. Genetic predisposition for 
esophageal atresia in twins would seem to 
be possible from this study. Heretofore, 
it has been thought that esophageal 
atresia in one of identical twins has been 
a developmental defect rather than a ge- 
netically transmitted one. Staged therapy 
for the premature infant with esophageal 
atresia increases the chance of survival of 


these infants. 
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REVIEW ARTICLE 


Peptic Ulcer in Children 


by S. P. FALLSTROM and T. REINAND 


From the Departments of Paediatrics and Child Psychiatry, Children’s Hospital, University of Gothenburg, 
Gothenburg, Sweden 


Peptic ulcer is generally considered to 
be an unusual disease in childhood. 
Isolated case reports are to be found in the 
literature, but accounts of any larger 
series are rare. In 1949 Karlstrém reported 
30 cases diagnosed at 25 paediatric clinics 
in Sweden during a period of 5 years (3). 
His work has been of value in attracting 
attention to the incidence of peptic ulcer 
in children. His study did not, however, 
include a detailed account of the clinical 
features of the condition. More recently, 
Ramos et al., presented a series of 32 
cases which they analysed from different 
points of view (4). Several of these cases, 
however, had been first diagnosed as 
adults and had been included in the ma- 
terial because the typical history dated 
from childhood. 

During recent years a striking number 
of children have been treated for peptic 
ulver at the Gothenburg Children’s Hospi- 
ta'. To obtain some idea of the incidence 
and clinical character of the disease, we 
have studied all cases of peptic ulcer 
tiated here since 1945. This hospital has 
ti advantage of being the only children’s 
h« pital catering for a well-defined district. 
A special study has been made of those 


cases which have been under observation 
for more than 5 years. In order to enlighten 
certain factors of aetiology, a number of 
the most recent cases have been subjected 
to special psychiatric-psychological exa- 
mination. 


Incidence, Age and Sex Distribution, Type 
of Ulcer. 

Since 1945, a total of 36 patients with 
the verified diagnosis ‘‘peptic ulcer’ have 
been admitted to this hospital on one or 
more occasions. The diagnosis was con- 
firmed by X-ray in 35 patients, and at 
operation in the remaining one. The 
number of new cases from the hospital’s 
admission district, for the last three 5- 
year periods, were 4, 10 and 17 respecti- 
vely, which demonstrates a definite in- 
crease in incidence (Fig. 1). This increase 
cannot be explained by an increase in 
local population, nor, probably, by im- 
proved diagnosis. It is our impression 
that a true increase has taken place in the 
incidence of peptic ulcer in children. 
Among the grounds for this belief is the 
fact that most patients displayed such 
typical signs and symptoms that diagnosis 
was virtually inevitable. 
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400 000 
17 cases 
10 cases 
4cases 
1945-1949 1950-1954 1955-1959 


Fig. 1. The number of new cases of peptic ulcer discovered at The Gothenburg Children’s Hospital 
during the three last 5-year periods related to the population served by this hospital during the saine 
periods of time. 


All patients except one were 9 years or 
older at the time of first admission (Fig. 2). 
In some it was possible to obtain a typical 
history dating from the age of 6-7 years. 
The disease appears to be exceptional in 
the pre-school age group. 

Our series includes only one such case. 
This was a girl, aged 23 months at the time 
of admission, in whom ulcer was discovered 
at operation undertaken because of a 2 
week history of increasing vomiting of the 
obstructive type. Laparotomy revealed a 
little radiating ulceration at the junction 
between the gastric and duodenal mucosa. 
Considerable muscle hypertrophy was noted 
which caused severe stenosis of the pylorus. 
According to the operation notes, this hyper- 
trophy was not similar to that of “congenital” 
hypertrophic pyloric stenosis. 


Our material consists of 27 boys and 9 
girls. Thirty-one children had duodenal 
ulcer, and 5 had gastric ulcer. 


Symptoms 


Table 1 illustrates the incidence of the 
different symptoms, regardless of the stage 
in the disease at which each symptom 
appeared. Abdominal pain was present in 
all but one child. A striking number of 


TABLE 1. Incidence of the different symp- 
toms, regardless of when they appeared, in 
the course of the disease. 


Pain 35 
Delayed pains, relief after food 26 
Nocturnal pains 15 
Pain related to meals 1] 
Atypical pains 5 

Tenderness on palpation 16 

Periodicity 19 

Heartburn, regurgitation 19 

Vomiting 17 
Haematemesis 4 
Obstructive vomiting 2 
Vomiting in uncomplicated ulcer cases 1] 

Haemorrhage 8 
Macroscopic 5 
Occult 3 

Anaemia 5 

Anorexia 9 

Loss of weight 7 

Fatigue 7 


patients complained of typical delayed 
pains, or admitted relief of pain after 
food. In 18 patients this typical ule:r 
history led to the diagnosis. Nocturn l 
pains were also quite a common feature, 
and were of diagnostic significance in 4 
cases where pains during the day were 
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Age in years 


Fig. 2. Age, sex distribution of children with duodenal or gastric (ventr.) ulcer. 


absent or atypical. Pain directly related 
to meals could usually be attributed to a 
certain type of food. In only 2 children 
was this a dominant feature prompting 
X-ray examination of the stomach. Five 
patients had atypical pains throughout the 
course of their disease. 


Heartburn and/or regurgitation were 
noted in 19 patients. Histamine test meal 
was performed in 11 cases; there was hyper- 
secretion in 3, normal findings in 6, while 1 
case showed hyposecretion and 1 “gastritic 
values’’, 


In previous descriptions of peptic ulcer 
in children, vomiting and haemorrhage 
have been given as leading symptoms. In 
our series only 5 patients with uncom- 
plicated peptic ulcer had repeated vomit- 
ig as an important symptom. In these 
cases vomiting was related to severe ab- 
dominal pains, and brought about a relief 
© pain. Obstructive vomiting was seen in 
2 patients, in one of whom it was the only 
s.mptom. Haematemesis occurred in 4 of 


t'e 5 patients with macroscopic bleeding 


and was the reason for admission to the 
hospital. Occult blood was discovered in 
3 children. Five patients were anaemic, 
but in 2 no active bleeding could be de- 
monstrated. There was no instance of 
perforation during the period of study. 

Table 2 illustrates the symptoms which 
were of diagnostic significance in the 
particular cases. The duration of symp- 
toms up to the time of diagnosis was usually 


TABLE 2. Predominating and diagnostic 

symptom at the time of (the first) admis- 

sion, together with the duration of the symp- 
toms prior to admission. 


Duration in years 
2-3 Over 3 


No. of 
eases Underl 1-2 


Typical ulcer 


history 18 10 2 2 4 
Nocturnal pains 4 1 1 2 
Pain at 

mealtimes 2 2 
Atypical pains 5 3 1 
Haemorrhage 5 2 2 fi 
Miscellaneous 2 ] 1 
Total 36 18 6 3 9 
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Fig. 3. Height and weight of the boys on (the first) admission to hospital. 


clear from the case history and varied 
from one month to several years. Seven- 
teen patients had a history of less than 6 
months. However, some had had symp- 
toms for several years and could not state 
the duration with any precision. 

It is striking that many patients gave a 
quite typical history of the disease. It 
does not appear to have been difficult to 
differentiate children with ulcer from those 
with functional conditions causing ab- 
dominal pains. The latter does not seem 
to be particularly common among children 
with ulcer. In a few children, vague types 
of abdominal pain preceded typical ulcer 
symptoms sometimes for a long period. 


Treatment and Prognosis 

The great majority of patients quickly 
became symptom free on the usual re- 
gimen of rest, diet and medical treatment. 
The time taken to achieve healing, as con- 
firmed radiologically, was more variable. 
In some this has not been done. 

Three patients were operated upon before 
they reached the age of 16 because of 
failure of medical treatment, or repeated 
recurrences. Eleven of 28 patients had «t 
least one recurrence before 16 years of age. 

Follow-up was performed in 14 childr: n 
in whom the observation period fron 
the first hospital admission was more th:n 
5 years (Table 3). Only 2 of these were fre 
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TABLE 3. Follow-up study of 14 cases which 


have been under observation jor more than 


d years. 

One or more relapses confirmed by X-ray 9 
Treated by operation 5 
Conservative treatment only + 

Typical ulcer symptoms, not necessitating 
admission or sick leave 3 

Symptom-free 2 


from symptoms. The prognosis can there- 
fore be said to be unfavourable. 


Aspects of Aetiology 


From an aetiological point of view 
ulcers fall into 2 categories. The first type 
appears secondarily to some other severe 
illness. Our series contains no certain 
case of this kind. The other kind of ulcer 
is a primary, chronic disease considered 
to be psychosomatic in origin (6). This 
latter type may presumably occur in 
susceptible individuals under certain ex- 
ternal circumstances. 

In 25 of our patients (circa 70%) there 
was a family history of peptic ulcer, 


usually in one of the parents. This figure 


is higher than in a series of adults and 
would suggest that constitutional factors 
are important in the causation of the lesion 
(4). We have studied the incidence of cer- 
tain constitutional features which are 
idered to be associated with a predis- 
pos'tion to ulcer. 
The sex distribution has already been 
dis’ 1ssed. In our series boys were defini- 
tel in the majority. Fig. 3 illustrates the 
bo.’ weight and height on admission to 
hos \ital. Most of them fall in the area of 
lov body weight in relation to height. 
Th. could possibly be accepted as lepto- 
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som habitus, since loss of weight was an 
unusual and less prominent symptom. 

Blood group O was found in 13 of the 21 
grouped patients, i.e. in 62% as against 
an expected 38 % (1). 

Terman-Merrill testing was 
out in 16 patients and the mean I.Q. 
was found to be 110, indicating that 
children of above-average intelligence are 
over-represented among peptic ulcer pa- 
tients. A psychiatric opinion was given in 
14 cases. Of 11 children, whose psychical 
constitution could be determined, 6 were 
considered psycho-asthenic. 

The psychiatric examination also in- 
cluded an evaluation of environment. 
In 6 cases stress factors were discovered 
(broken homes in 2 cases, threats of di- 
vorce, long-drawn family dispute, alco- 
holic step-father, and psychic strain at 
school and work). Five patients were 
considered to have good home environ- 
ment. The remaining 3 formed an inter- 
mediate group. 

As a rule the patients feeding habits 
were gone into and irregular or unsatis- 
factory meals were admitted in only 2 
cases. Feeding difficulties in infancy, 
organic abdominal disease or other soma- 
tic disturbances did not appear to be 
common. No patient had had hyper- 
trophic pyloric stenosis in infancy. 

Projective test methods in children may 
indicate the existence of significant emo- 
tional disturbances. Rorschach testing 
was performed in 14 cases. The results did 
not suggest that neuroses or emotional 
disturbances were common and prominent 
among children with ulcer (6). All patients 
tested gave both a high number of an- 
swers and whole answers, which is charac- 
teristic of high intelligence. But even if 
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the I.Q. is taken into consideration, the 
number of answers and whole answers, is 
unusually high. This is usually interpreted 
as an ambitious attitude. These results 
were in agreement with the clinical im- 
pressions of the patients. 

In spite of the limited material, it 
would appear that constitutional factors 
are important in the causation of peptic 
ulcer in children. Factors of environment 
appear to be less obvious. This could be 
taken as signifying that patients affected 
with peptic ulcer in childhood comprise a 
of children with particularly 
strong predisposition to the disease. 


selection 


Summary 


A study has been made of 36 children 
with peptic 
ulcer. All patients, with one exception, 
were children of school age. The following 
aspects of the disease have come to light. 


the established diagnosis 


1. The incidence of peptic ulcer among 
older children appears to be increasing. 
2. These patients often present a strik- 
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ingly typical history. Delayed pains and or 
relief of pain by food were noted in 26, 
patients. Other typical ulcer symptoms | 
occur commonly. 

3. Macroscopic bleeding was discovered 
in 5 cases, obstructive vomiting in 2. 
There was no case of perforated ulcer. 

4. Recurrence was common. Of 14) 
children observed for a minimum period of 
5 years, only 2 had been symptom-free. 

5. Constitutional factors are important 
in the causation of peptic ulcer in child- 
hood. A high proportion of patients have a | 
family history of the disease. Boys are 
affected more than girls. Patients of blood 
group O are present in abnormally high 
proportion. Psycho-asthenic constitution is 
common among these patients. 

Environmental factors appear to be less 
obvious. Neuroses or emotional distur- 
bances were not found to any great extent. 
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¢ 4) A Follow-Up Study of Hyperbilirubinaemia in Full-term Infants 
without Iso-immunisation 
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by J. BJURE, G. LIDEN, T. REINAND and A. VESTBY 


The harmful effects of hyperbilirubinae- 
mia in haemolytic disease of the newborn 
are well documented, and the indications 
for treatment generally accepted. Ex- 
change transfusion has been recommended 
when the serum bilirubin level exceeds 
18 mg % (11) or 20 mg % (3, 5, 7). There is 
uncertainty, however, about the deli- 
terious effect of hyperbilirubinaemia in 
babies with severe neonatal jaundice 
without evidence of haemolytic disease. 
Practice differs as regards exchange trans- 
fusions in these cases. The purpose of this 
investigation is to elucidate this problem 
by a follow-up study of deeply jaundiced 
full-term newborns without evidence of 
haemolytic disease. The findings in infants 
who were treated by exchange transfusion 


are compared with those in untreated 
patients. 
Material and Methods 
he material comprises 113 full-term in- 
fan », born at the two maternity hospitals in 
Go \enburg, during the years 1956 and 1957. 


In | infants the serum bilirubin level rose 
to »mg% or more. The infants were devided 
three groups. Group I (uncomplicated 


is investigation was made possible by a 
gra from ““Majblomman” Fund. 
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cases): comprise babies in whom the preg- 
nancy, delivery and neonatal period were 
completely normal with the exception of 
hyperbilirubinaemia; Group II (slightly 
complicated cases) include those in whom 
there were slight complicating factors in 
pregnancy or delivery such as simple pro- 
teinuria of the mother, certain types of 
medication administered to the mother 
without obvious effect to the infant, or the 
umbilical cord loosely around the child’s 
neck, which probably did not affect the 
infant; Group III (complicated cases) con- 
sists of cases with complications which might 
be deleterious to the child, including as- 
phyxia, abnormal presentations, toxaemia, 
or surgical intervention. Some infants in all 
three groups were treated by exchange 
transfusion, though more in Group IIT than 
in the others. 

The contro] series comprises 51 full-term 
infants born during the same period fol- 
lowing normal pregnancies and uncomplica- 
ted deliveries and without marked icterus 
or other complications in the new-born 
period. The whole material is listed in Table 

A direct Coombs test was performed on 
all jaundiced infants, and was negative. In 
43 an indirect Coombs test was also done; 
this, too, was invariably negative. Bilirubin 
determinations were performed on capil- 
lary finger or heel blood by the method of 
Jendrassik—Grof (8). In order to determine 
the incidence of severe hyperbilirubin- 
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TABLE 1. T'otal Number of Children 
Examined in Different Groups. 


Uncompl. Slightly Compl. 
cases compl. cases cases Controls 
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23 4 29 10 29 18 

27 39 47 
66 47 51 


aemia during the neonatal period serum 
bilirubin determinations have been perfor- 
med during a one year period in all infants 
with jaundice. Of 3,597 full-term infants 
born at one of the maternity hospitals during 
1957 a total of 47 or 1.3% had a bilirubin 
of 20 mg per 100 ml or more, which is roughly 
in accordance with a recently published 
study (9). 

The follow-up study, which has included 
physical and neurological examination, as 
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Fig. 1. Maximum bilirubin level in each infant. 
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well as Merrill—Palmer testing (15), was » er. 
formed at an age of 2—3 years. On the sligh est 
deviation from normal the child was s ib. 
jected to psychiatric examination; this -vas| 
done in 25 infants. The following feat :ires 


have been taken as symptoms of early brain a 
damage: 1. Hyperactivity, restlessness and __ 
inability to concentrate; 2. Stereot pie| 
behavior; 3. Impairment of voluntary move-| 39 
ment (clumsiness, fumbling, late motor! 120 

110 


development); 4. Mental retardation. Since 
none of these features is pathognomoni:: of 
early brain lesion, the diagnosis has been 
made only where it was impossible to ex- 80 
plain the symptoms by other causes, such as 
environmental factors. Play audiometry} 
was also performed in 125 children, 86 with , 
jaundice and 39 controls. 


100 


Results 


No signs of kernicterus were demon- 
strable during the newborn period. Fig. | 
shows the age when maximal bilirubin 
levels were found in the different cases, the 
result being in agreement with what has 
been previously reported (12). Exchange 
transfusions were performed on the day of 
the highest bilirubin level. 

On general physica] examination no 
relevant abnormalities were noted. The 
results of Merrill—Palmer testi: are shown 
in Tables 2 and 3. No difference was found 4, 
between the groups regarding I.Q. distri- 80 
bution (Table 2). When the material is 
classified according to the level of hyper.’ -, 
bilirubinaemia there is still an apparently 
normal [.Q. distribution in all groups 
(Table 3). It can be seen that the distri!u- 
tion of patients with respect to bilirulin- 
concentration is also approximately ‘he 7 
same in both groups. 

Table 4 shows the number of infa its 
examined by means of play audiometry. 
No deafness of the central type ‘as 
revealed. 


HYPERBILIRUBINAEMIA IN FULL-TERM INFANTS 439 


Ames TABLE 2. 1.Q. Distribution within Different Groups. 
xh est 
} Sub. Uncompl. cases Slightly compl. cases Compl. cases 
S Vas! 
as a No exchange Exchange Noexchange Exchange Noexchange Exchange 
transf. transf. transf. transf. transf. transf. Controls 
| 
and 
nove: | 130 3 l l — 5 
notor|} 120 5 — 5 1 2 5 
Since 10 2 1 6 2 gi 5 5 
nic of 100 7 2 9 4 8 3 21 
been go 4 — 5 3 8 73 10 
O ex- 80 2 ] 1 3 
chas =< 2 = 2 
with 
Total 23 + 29 10 29 18 51 
12. 3— Cases with brain injury. 
mon- . . . . . 
io. ] TABLE 3. 1.Q. Distribution in Relation to the Level of Hyperbilirubinaemia. 
g. 
ubin Uncompl. cases + 
;, the slightly compl. cases Compl. cases 
has Bilirubin in mg % 
ange 1Q 18-19.9 20--24.9 25 + 18-19.9 20-24.9 25 + Controls 
fo} 
uv of 
150 — — — — 
no 130 3 1 5 
i 120 2 6 2 2 2 — 5 
The 4 110 3 7 — 5 7 2 5 
own #100 5 15 3 I 8 2 21 
yund 90 5 6 l 3 7 43 10 
istri- 80 1 2 ] ] 3 
al is 
MEY roa: 17 42 7 12 26 9 51 
pups 
ju. with brain injury. 
he » ineidence of a suspected brain lesion exchange transfusion. Symptoms sug- 


in t » 25 children examined by the child gestive of brain lesion were recognised in 
ais psy: jiatrist is shown in Table 5. The 3. 9 children, but in 6 of these the symptoms 
t'Y: ¢ase in whom a brain lesion was diagno- could be alternatively explained. In the 
‘® ged clonged to Group III (complicated remaining 3 cases the diagnosis of a brain 
tase . One of them had been treated by lesion could be made with confidence. 
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TABLE 4. Cases Examined with Play Audiometry. 


— 


Uncompl. cases 


Slightly compl. cases 


Compl. cases 


No exchange Exchange Noexchange Exchange Noexchange Exchange 
transf. transf. transf. transf. transt. transf. Cor trols 
15 (23) 4 (4) 21 (29) 10 (10) 21 (29) 15 (18) 39 (51) | 
Total number of children within brackets. 
TABLE 5. Psychiatrically Examined Children. 
Uncompl. cases Slightly compl. cases Compl. cases 
No No No 
exchange Exchange exchange Exchange exchange Exchange y 
transf. transf. transf. transf. transf. transf. Controls Total 
No. of psychiatric. 
exam. children 3 1 5 2 10 2 2 25 
Symptoms: 
Hyperactivity, 
Restlessness, 
Lack of con- 
Stereotypic 
Motor disorders — — 1 13 — 2 
Mental retardation 1 1 13 3 


1, 2. 3— cases with brain injury. 


Case 1. Boy, born 29.8.56, birth weight 
3.720 g, second child of a 33 year old wo- 
man, whose first pregnancy was in 1940. 
Except for vomiting during the first months 
the pregnancy was normal. Delivery oc- 
curred after a 2 1/2 hour labour with left 
occipito-anterior presentation. No signs of 
asphyxia in utero were present but slight 
extrauterine asphyxia occurred accompanied 
by marked petechial haemorrhages on the 
face. Blood groups: mother O Rh+, child 
O Rh +; Coombs direct test negative. Icterus 
was noted with a maximum bilirubin value 
of 21.8 mg% on the 7th day. The child was 
able to sit at 6 months, walked at 1 year, and 
talked at 21 months. Suspected ECHO in- 
fection at 1 year, and convulsions in as- 
sociation with fever at 18 months. Somatic 
examination 22.1.59 showed nothing abnor- 
mal. I.Q. 22.1.59 was found to be 110. 


Psychiatrist’s opinion on examination 9.9.59 
“Marked hyperactivity, restlessness, lack 
of concentration and lack of inhibition. 
which cannot be explained by deficiencies oi 
environment. Brain lesion syndrome without 
intelligence defect.” 

Comment: Quick labour with considerabk, 
variations in pressure, congestive haemor 
hage. 

Case 2. Boy, born 3.7.56, birth weight 
3.350 g. First child of a 34 year old mo‘het 
who had aborted in the 3rd month of 3 
previous pregnancy in 1955. Proteinuri 
was noted towards the end of the pregna 1¢y; 
Low forceps delivery occurred followin:: 2: 
hours labour with the head presenting in lef 
occipito-anterior position. Indication: g ‘eel 
liquor and weak pains. The umbilical cord wa‘ 
wound tightly around the neck, on whic 1it' 
impression could be seen. Slight extra-ute rin' 
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HYPERBILIRUBINAEMIA IN FULL-TERM INFANTS 


aspliyxia occurred. Blood groups: mother 
A Eh+, child A Rh+, direct Coombs test 
negative. Icterus appeared on the 2nd day, 
land the maximum serum bilirubin level, 
(21.3 mg %, was recorded on the 6th day. De- 
velopment was retarded, unable to sit at 1 
year, starting to walk at 2 years. He had 
|repeated respiratory infections during the 
‘first year of life. Physical examination 26.2. 
59, revealed nothing abnormal except the 
retarded development. Testing 20.5.59, sho- 
wed an I.Q. of 55. Psychiatric opinion 30.9 
59: ‘‘Difficult to get into contact with, 
clumsy movements, patient severely retarded, 
but not restless or lacking concentration. 
)}Unfavourable environment. Brain lesion 
syndrome with mental defect, together 
with environmental injury”’. 

Comment: Rather protracted delivery 
with signs of intra- and extra-uterine as- 
phyxia. 

Case 3. Boy, born 2.7.57, birth weight 
3.080 g, first child of 33 year old mother. 
Delivery by breech presentation following a 
4 hour labour. Blood groups: mother O Rh +, 
child O Rh+. Direct and indirect Coombs 
tests negative. Icterus developed on the 
2nd day with a maximum bilirubin level of 
27.5 mg% on the 7th day. Exchange trans- 
fusion was performed. The child could sit 
without support at the age of 7 months; he 
walked at 11 months, and formed a few 
sentences at 26 months. Physical examina- 
tion 2.9.59, revealed no definite abnormality. 
Testing 25.9.59, showed an I.Q. 96. Psychia- 
tric examination 24.11.59: Severe restlessness 
and lack of concentration, contact only 

rficial and of short duration. Favourable 
Brain lesion without intelli- 


sup 
ronment. 
gene defect. 

(omment: Quick labour, breech delivery. 


eny 


Discussion 


a recent publication (12) Mores et al 
luded that hyperbilirubinaemia with- 
iso-immunisation does not involve 
of brain damage to healthy, full-term 
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infants, though details of the time and. 
nature of follow-up examinations were 
not included. In the same report, a fol- 
low-up survey of premature infants with 
hyperbilirubinaemia in the absence of iso- 
immunisation was given. A much lower 
incidence of kernicterus was found than 
has been noted by other workers (1, 3, 4). 
Exchange transfusion was not performed 
in either the full-term nor prematur- 
infants reported by Mores et al and on the 
basis of their results they suggested that 
exchange transfusion was unnecessary in 
hyperbilirubinaemia, unless iso-immunisa- 
tion was present. 

Experiments have shown that an im- 
portant factor in the causative mechanism 
of brain injury due to hyperbilirubinaemia 
is the functional maturity of the blood- 
brain barrier (6). Prematurity and as- 
phyxial or traumatic injury at the time of 
labour might impair the blood-brain bar- 
rier, and thus increase the risk of a brain 
lesion due to hyperbilirubinaemia. Over- 
dosage of such vitamin K analogues as 
Synkavit is thought to be a possible cause 
of hyperbilirubinaemia due to increased 
haemolysis with risk of brain damage 
(2, 10). In our series the total dose of 
vitamin K (menadiolsodiumsulphate) has 
never been more than 5 mg. None of our 
patients has been treated with gantrisin 
(14). In all 3 of our patients who at follow- 
up were found to have cerebral damage 
there were circumstances other than 
hyperbilirubinaemia to account for injury 
at the time of birth. This is not to say 
with certainty that hyperbilirubinaemia 
might not have had a contributing factor 
to the brain lesion. We have not found any 
evidence that in the absence of haemolytic 
disease hyperbilirubinaemia alone in full- 
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term, vigorous infants gives rise to cerebral Summary 
lesions, irrespective of whether or not ex- , 
One hundred and thirteen full-t 
change transfusion is performed. It would 
infants with bilirubin values of 18 
appear that the custom of performing ex- : : 
or more during the neonatal period, |:ave 
change transfusion on these infants could 12. M 
: A ; ‘ been followed-up at the age of 2-3 years. 
be largely dispensed with, a change which ' 
‘ and compared with 51 full-term, 
would be of considerable practical advan- . 
icteric infants, born during the sme 
tage since hyperbilirubinaemia has such 
period. Exchange transfusion was carried) 13. 


out in 30 of the children with jaundice. ¢.4,., 
No cases of kernicterus could be demon. Accep 


a high incidence. It is however, not un- 
likely, that exchange transfusion is worth 


while in those cases where hyperbilirubi- 
naemia is associated with circumstances 
favourable to impairment of the blood- 
brain barrier, or to the liberation of bili- 
rubin from an albumin-bilirubin complex, 
as for instance after gantrisin medication 
or with a low serum albumin concen- 
tration (13). 

The incidence of infants with hyper- 
bilirubinaemia is much higher than cor- 
responding figures from England (16). This 
may possibly by explained through the 
higher dosage of prophylactically given 
vitamin K. This problem is under inves- 
tigation. 


strated. Play audiometry was carried out 
in 125 children (86 with jaundice, 39 
controls). No deafness of central type was) 
revealed. At the paediatric follow-up 
examination no relevant abnormalities 
were found. Merrill—-Palmer testing pro- 
duced evidence of a similar I.Q. distribu- 
tion among the icteric as among the non. 
icteric children. A cerebral lesion was 
diagnosed in 3 cases, but in all these 
another aetiology (disturbance at the time 
of birth) occurred in addition to hyper- 
bilirubinaemia. Hyperbilirubinaemia alone 
did not give rise to any cerebral lesion. 
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Gamma Globulin against Rubella in Pregnancy 


) 


I. Prevention of Maternal Rubella by Gamma Globulin and Convalescent 
Gamma Globulin: a Follow-Up Study 


by ROLF LUNDSTROM, CLAES THOREN and BERNT BLOMQUIST 


Introduction 


Gregg’s [9] discovery in 1941 of mater- 
nal rubella as a cause of congenital ab- 
normalities has been clearly confirmed in 
numerous studies on the subject. Dif- 
ferent methods of collecting data have 
given varying results with respect to the 
incidence of congenital anomalies after 
maternal rubella in early pregnancy. 
Siegel & Greenberg [26] presented some 
evidence that the incidence may differ 
depending on occurrence of rubella during 
epidemic or non-epidemic years. The risk 
is high enough [5, 17, 20, 24] to make any 
attempt to prevent the disease in early 
pregnancy well worth while [20, 24]. 

Active immunization programmes with 
deliberate exposure of young girls have 
been attempted [1, 11]. The practical dif- 
ficulties of inducing immunity in large 
populations along these lines limit the 
value of such trials. As long as the rubella 
virus has not been isolated and no ef- 
fective vaccine has been produced, there 
will always be a certain number of sus- 
ceptible fertile women, who should avoid 
contact with cases of rubella in early 
pregnancy. This is not, however, always 
when such a 


possible. Consequently, 


woman has been exposed to rubella after 
recent conception, the only conceivable 
method of protecting her is by passive 
immunization, e.g. with convalescent 
gamma globulin or ordinary pooled gamma 
globulin. 


Earlier Investigations 


In the past, several attempts to protect 
pregnant women and other susceptible sub- 
jects by passive immunization have been 
made. Table 1 summarizes a number o/ 
studies in this field, mostly showing favour-' 
able results, but with attack rates in the 
treated subjects ranging from 0 to 53%, 
Even though passive immunization secms 
to have had a protective effect against the 
development of manifest signs of maternal 
rubella in many instances, this is not neces-, 
sarily equivalent to success in the preven- 
tion of defects, since inapparent disease may 
cause damage to the foetus [25]. Rub lla 
without a rash has also been described | ‘5}. 

Little is known of the results of pregr an- 
cies in which passive immunization aga nst 
rubella was undertaken [2], and report: 
the offspring in such cases include only ob- 
servation at birth. Kamerbeek [11], for 
instance, reported the results of giving 75- 
100 ml of rubella convalescent serum to 200 
susceptible pregnant women exposed to 
rubella. None of the women contrac ed 
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PREVENTION OF MATERNAL RUBELLA WITH GAMMA GLOBULIN 


TABLE 1. Passive immunization against rubella. 


No. of Attack rate 
Reference Method individuals % 
Barenberg et al. 1942 (4) Pooled plasma Not stated 0 
Aycock & Ingalls Pooled gamma globulin 4 children No protect. 
1946 (3) 
Stokes 1947 (27) Pooled gamma globulin 5 ml 5 adults 0 
Kamerbeek 1949 (11) Convalescent serum 75-100 ml 200 pregnant 0 
Landon et al. 1946 (16) Pooled gamma globulin 6 ml 133 children 5 
Controls 129 children 17 
Korns 1952 (12) Pooled gamma globulin 0.1 ml/Ib Children and 
adults 
(a) No. 8214-2 199 13 
Controls 201 13 
(b) No. C 3768 53 0 
Controls 52 0 
(c) No. C 3768 45 20 
Controls 60 58 
(d) No. C 3827 38 29 
Controls 46 39 
Anderson & McLorinan Convalescent gamma globulin 
1953 (2) (a) 2 ml 424 pregnant 1 
(b) 4 ml 388 pregnant 1 
(c) 4 ml 45 boys 7 
Controls 46 boys 15 
(d) Experimentally induced rubella 4ml 15 adults 53 
Controls 9 adults 33 
Lundstré6m 1953 (18) Convalescent serum 25-50 ml 98 pregnant 2 (2) 
Ward & Parker 1956 (28) Convalescent serum 30 ml 541 pregnant 0.9 
Controls 102 pregnant 10.8 
Controls 50 not preg- 
nant 12.0 
Krugman & Ward Experimental infection 
1958 (14) Normal serum (no antibody) 6 children 83 
Pooled gamma globulin 6 children 17 
Convalescent plasma 6 children 17 
Convalescent gamma globulin 6 children 0 
ouser & Schalet Pooled gamma globulin 15 ml 300 soldiers 0 
258 (9) Pooled gamma globulin 5 ml 300 soldiers 0.7 
Placebo 300 soldiers 2.3 
Gr» yston & Watten Pooled gamma globulin 5 ml 197 boys 8.5 
1959 (7) Convalescent gamma globulin 2 ml 196 boys 19.2 
Placebo controls 203 boys 16.1 
Uninoculated controls 186 boys 20.4 
Pi -ent investigation Convalescent gamma globulin 4 ml 251 pregnant 2.4 
Gamma globulin 24 ml 28 pregnant 0 


ru -lla, 15 (7.5%) had spontaneous abor- 
tic s, and three infants (1.5%) showed ano- 
m: ies presumably not belonging to the 


writing. 


ru lla syndrome. A total of 180 infants ap- 


peared healthy at birth, and three pregnan- 
cies were not completed at the time of 
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TABLE 2. Results of pregnancy in 98 women given 25-50 ml of convalescent serum a. ter 


exposure to rubella (18); follow-up examination of children at 1-3 years of age. ‘'he 
number of offspring is 100, since two pairs of twins are included. 
No. of children following treatment 
of mothers exposed to rubella in 
month of pregnancy 
Result of pregnancy I II Ill IV >V Total Comments 
Spontaneous abortion 2 3 5 1 Full-term, cause unknown. 
Stillbirth 2 Maternal toxaemia. 
Neonatal death 2% iy 25 5 3+5 Premature pairs of twins 
Congenital heart disease following maternal toxae- 
Normal at birth, no follow-up 1 4 5 mia. * Birth injury. ® Prob- 
Normal at follow-up i 2] 197 = 21 15 82 ably Fallot’s tetralogy. 
7 


otherwise normal. 


Treatment with Convalescent Serum 


One of us (R.L.) collected a series of 98 
pregnant women, with no previous history 
of rubella and exposed to the disease during 
an epidemic in Sweden in 1951 [17] and 
treated with 25-50 ml of rubella convales- 
cent serum [18, 19]. Two women reported a 
rash some days after treatment, apparently 
not characteristic of rubella; they were not 
seen by a physician. Both had normal 
children. The results of follow-up examina- 
tions of the children of prophylactically 
treated women up to the age of 1 to 3 years 
are seen in Table 2. Five pregnancies ended 
in spontaneous abortion and five in perinatal 
death, four due to obstetrical complications, 
the fifth being a stillbirth at term (cause un- 
known). One child was funnel-chested, at 
follow-up normal after surgery. One child 
whose mother was pregnant in the third 
month when treated for exposure to rubella 
was reported normal at birth, but was found 
at follow-up to be a blue baby, probably due 
to Fallot’s tetralogy. Five children were not 
reexamined after birth; one was exposed in 
the fourth month, the others later in preg- 
nancy. Reexamination of the remaining 
children did not reveal any abnormalities. 

This series, which contains one instance of 
congenital heart disease as the only anomaly 
that could be ascribed to the action of inap- 


parent rubella despite passive protection, is 
too small to be conclusive. The incidence of 
2% of (questionable) rubella after treatment 
is low. Previous reports on rubella prophy- 
laxis in pregnancy have not included syste- 
matic follow-up studies of the children of the 
women treated. Consequently, further in- 
formation on the value of passive immuniza- 
tion against rubella in pregnancy is highly 
desirable. 


An epidemic of rubella in Stockholm in 
1955-1956 gave an opportunity for further 
studies of the subject. 


Case Material 


In 1956, the health authorities of ‘he 
City of Stockholm resolved that susceptible 
pregnant women were to be given, free of 
charge, passive immunization against rub:lla 
if they were less than 4 months pregn: nt.) 
and were referred to Kronprinsessan Lov 
Barnsjukhus by the maternity welfare cen- 
tres, or by private physicians, on accoun 
exposure to rubella. Altogether 65 of the 3 
women referred were not treated, for on: of 
the following reasons: exposure had b 
unlikely; more than 2 weeks had ela 
since exposure; they had been pregnant for 
more than 4 months; they had an ear ier 
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history of rubella. Immunization was thus 
given to 327 women. When collecting the 
series, 48 women were excluded, since— 
according to the stipulations—they should 
not have been treated. Thus, 279 definitely 
exposed women remained for the study; 251 
of ihem were treated with 4 ml of convales- 
cent gamma globulin, and 28 with 24 ml of 
pooled gamma globulin, since the former 
was not available during a short period. 

The purpose of this study was to examine 
the children of all the women treated. As 
five women had emigrated and three could 
not be traced at the registered address, 271 
of the 279 (97.1%) were included in the fol- 
low-up. 

Altogether 38 % of the women were house- 
wives without other occupation, 27% were 
office personnel, 16% worked in hospitals or 
physicians’ offices, 12% were teachers, and 
8% had some other form of work. Seven per 
cent were less than 20 years, 60% between 
21 and 30 years and 33% more than 30 
vears old. 

During the epidemic, a number of preg- 
nant women who had contracted rubella 
were treated with convalescent serum gamma 
globulin. The outcome of their pregnancies 
will be reported in a subsequent paper [21]. 


Methods 


The convalescent serum gamma globulin 
used in this study consisted of gamma glo- 
bulin, prepared from the blood of donors 
who had had an attack of rubella within the 
previous 4 months. The blood was collected 
by the National Bacteriological Laboratory, 
Stockholm, mainly through co-operation 
wi' |, the medical officers of the armed forces. 
Tho serum was fractionated according to a 
mc lification of Cohn’s method 10 by AB 
<. BI, Stockholm. The pooled gamma globu- 
iin consisted of similarly produced gamma 
tle ulin (KABI) from retroplacental blood 
(9! -cted in maternity hospitals. The dosage 
4 mi of convalescent gamma globulin 
int amuscularly; when pooled gamma globu- 
lin vas used, 24 ml were injected by the same 
roi -e; in both cases the solution was 12%. 
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After treatment, the women were given a 
form to be sent to the investigators, report- 
ing rash if occurring, outcome of pregnancy, 
name of delivery hospital, and present state 
of baby’s health. 

When the children were 2 to 3 years old, 
they were summoned by us for examination 
at Kronprinsessan Lovisas Barnsjukhus. 
Twenty children were examined at other 
children’s hospitals and child welfare cen- 
tres, or by private practitioners, mainly 
paediatricians. 

Examination of the children was thorough, 
with special attention to the eyes, ears, 
heart, and mental development; in the cases 
examined by the present authors, it included 
ophthalmoscopy. Children with strabismus 
and/or other visual disturbances were re- 
ferred forspecial ophthalmologic examination. 
When a heart murmur was present, the 
ECG and PCG were recorded, and the heart 
X-rayed. Children suspected of impaired 
hearing were examined by play audiometry 
at the Laboratory of Audiology, Karolinska 
Sjukhuset. When mental retardation was 
suspected, Terman—Merrill tests were made. 
The case records of children with complica- 
tions at delivery and of those admitted to 
hospital were studied, as were the records 
of cases reported as abortions. 


Results of Treatment with Convalescent 
Gamma Globulin 


Six of the 251 women contracted rubella 
despite treatment within 2 weeks of ex- 
posure (Table 3). In three of these cases 
pregnancy resulted in abortion, and one 
woman gave birth to a child with signs 
of the rubella syndrome. 


Case 1. A 25-year-old Para II. Last men- 
struation Jan. 19, 1956. She was exposed to 
rubella on March 6, and was given 4 ml of 
convalescent gamma globulin on March 10. 
Rubella appeared on March 24; she was given 
12 ml of convalescent gamma globulin on the 
same day. On Oct. 27 she was delivered of a 
boy weighing 2680 g, and without obvious 
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TABLE 3. Six cases of maternal rubella after treatment with 4 ml of convalescent gamma 
globulin, i.e., 2.4 per cent of total 251 women treated. 


ROLF LUNDSTROM ef al. 


Rubella in month 


of pregnancy 


Result of pregnancy II III IV Comments 
Spontaneous abortion i 2 
Rubella syndrome at Case 1: see text. 
Immature, normal at follow-up 1 
Full-term, normal at follow-up i” 


? One woman also given 12 ml of convalescent gamma globulin af- 


ter onset of rubella. 


defects. On examination at 3 years of age, he 
was found to show slight mental retardation, 
hearing impairment, and signs of chorioreti- 
nitis. 


The other two women who, after treat- 
ment, contracted rubella in the third 
month of pregnancy gave birth to children 
who were healthy at examination, when 
they were 2-4 years old. 

Of the remaining 245 women who did 
not contract manifest signs of rubella after 
treatment, 16 (6.5%) aborted (Table 4). 

Severe malformations were present in 
three children, i.e., congenital cataract, 
patent ductus arteriosus and mitral steno- 
sis in one case (reported in detail by Malm- 
berg et al. [23]), myelomeningocele with 
internal hydrocephalus in one, and agene- 
sia of the corpus callosum in one case. One 
case of moderate mental retardation 
(IQ 79), one of a dermoid cyst and two 
cases of hypertrophic pyloric stenosis 
were also recorded. 

Among the other children, slight strabis- 
mus was recorded in 3 cases without other 
Minor defects, 


abnormalities. such as 


haemangioma of the skin, testicular 


hydrocele and inguinal hernia, were con- 


sidered as unimportant and were there. 
fore not classified as abnormalities. 


Results of Treatment with Pooled 
Gamma Globulin 


Altogether 28 women were treated with 
24 ml of pooled gamma globulin (KABI) 
after exposure to rubella (Table 5). All 
escaped an attack of the disease. Two 
women aborted. Two children were not 
available for examination. One case of 
mongolism was observed. 

Case 2. A 25-year-old Para III. Last 
menstruation April 25, 1956. She was « 
posed to rubella on June 30, and tre ted 
with 24 ml of pooled gamma globulii. on} 
July 3. Pregnancy was uneventful. On 3” *b.| 


TAB: 
gai 
tract 

i 


7, 1957, she was delivered of a girl wich) S@la 


mongolism. The child was treated in a| 
children’s hospital for pharyngitis and i 
golism in July 1958, when no other ar: | 
omalies were detected. | 


Discussion 
Since rubella is a clinical entit, aul 
with great certainty to a virus } ifec tion, 
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TasLE 4. Results of pregnancy (248 children) in 245 women given 4 ml of convalescent 

qainma globulin after exposure to rubella in first 4 months of pregnancy; none con- 

trated rubella. Repeated exposure and treatment in 12 cases; only Ist exposure listed 
in table. (Another 6 women contracted rubella despite treatment: see Table 3.) 


No. of children following treatment of 
mothers exposed to rubella in month 
of pregnancy 


Result of pregnancy if II III EY Total 
Spontaneous abortion — 12 3 1 16 
Surviving children 

Congenital heart disease — 1 
Cataract — 1 
Other abnormalities 5 
Birth injuries with sequels = _ 1 ] 2 
Normal at birth without follow-up — 2 3 — 5 
Birth-weight < 2 500 g, normal at follow-up — 4 2 1 7 
Full-term, normal at follow-up 5 56 71 62 194 
Three pairs of twins 6 

Total 5 78 90 75 248 


1 Macerated foetus. 
2-3 Birth injuries. 
4 Intrauterine asphyxia. 
5 Toxoplasmosis. 
® Cataract and VSD. 
7 Meningomyelocele. 
8 Agenesia of corpus callosum. 
® Capillary bronchitis. 
10-11 Birth injuries. 


12 Minute ventricular septal defect, Roger type. 
13 Small unilateral polar cataract, normal vision. 


14 Dermoid cyst. 

15 Mental retardation: IQ 79. 

16 Hypertrophic pyloric stenosis. 
17 Urinary tract anomaly. 

18 Both twins normal at follow-up. 


19 One twin stillborn macerated; other normal at follow-up. 
20 One twin died of pulmonary atelectasis; other normal at birth, had emigrated at follow-up. 


wich) Seam or gamma globulin should be theo- 


in a 

mon- 
ane 


retically possible. Past experience with 
varving amounts of convalescent serum 
and gamma globulin has not given uni- 
forma results, as can be seen in Table 1. 
This may be due to differences in pre- 
partion and/or dosage, and/or in the 
amcunt of circulating antibodies in the 
donirs.'The antibody content cannot be 


dete-mmiaed in the laboratory. Conse- 


quently, clinical observations—with their 
inherent inaccuracy—are the only means 
hitherto available for evaluating the ef- 
ficacy of immunizing procedures against 
rubella. 

In the present series, it was an advan- 
tage that the women were referred to a 
single children’s hospital. This allowed 
control of the indications for treatment, 
and resulted in only a relatively small 
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TABLE 5. Results of pregnancy in 28 women given 24 ml of pooled 
after exposure to rubella. 


ROLF LUNDSTROM ¢t al. 


gamma globu: n 
None contracted rubeila. 


No. of children following treat- 
ment of mothers exposed to ru- 


bella in month of pregnancy 
Result of pregnancy I II III IV Total Comments 
Spontaneous abortion 1 1 2 
Abnormalities 1 1 One case of mongoli-m 
Normal at birth, not examined later ] 1 2 Two had emigrated 
Normal at birth and at follow-up 9 9 5 23 
Total 1] 1] 6 28 


number of cases being lost for the follow- 
up study. 

That the epidemic in question had 
teratogenic effects has been shown by 
abnormalities of the rubella type in chil- 
dren observed by us [21], and the cases of 
rubella deafness reported by Barr & 
Lundstrém [5]. 

Since we could not obtain representative 
controls—in view of the premises for this 
survey—the possibility of judging the 
protective effects by the incidence of 
manifest rubella after treatment was 
limited in our series. The incidence of 
rubella in definitely exposed, susceptible 
pregnant women was 2.4 per cent (6 of 
251). In our opinion, this figure is lower 
than could have been expected without 
treatment. The number of exposed women 
given 24 ml of ordinary pooled gamma 
globulin is too small to permit any con- 
clusions. It may, however, be recalled 
that none of these 28 women contracted 
rubella. 

The possibility of attentuating rubella 
by administration of gamma globulin must 
be considered, since it is known to have 
this effect in measles. Inapparent rubella 
may produce anomalies of the same kind 


as the manifest disease. The relatively 
high incidence of spontaneous abortions, | 
12 of 78 (15%), when exposure occurred 

in the second month of pregnancy might 

support this assumption, even though the 

overall incidence covering the first four 

months of pregnancy was only 6.5%. 

However, only two out of 245 children 

(0.8%) whose mothers were exposed to 

rubella and, after treatment with con- 

valescent gamma globulin, apparently did 

not contract the disease, showed abnorma- 

lities belonging to the rubella syndrome. 

One was in the form of both cataract and 

congenital heart disease, and the other had 

a presumably unimportant ventricular 

septal defect. Compared with the 9% 

incidence of eye, ear and/or heart defects 

in a similarly studied material of rubella in 

early pregnancy in 1951-52 [22], this | 
figure is low, and corresponds far bett:r 

with the 1.6% of similar anomalies four | 

in the control group of the same stud’. 

The occurrence of two gross malformatio: s 

of the central nervous system is not:- 

worthy but inconclusive, as is one case f 
mental retardation. The small polar cat '- 

ract in one case was not of the type sec 2 

after maternal rubella. 
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]. is, however, known that defective 
heaving due to maternal rubella is not in- 
frejuent (approximately 20 %), when slight 
hearing loss is included [5]. The incidence 
of the latter can be estimated only by 
using audiometric examination in all cases. 
Since we did not have such facilities, 


cases of slight hearing loss may not have 


been recognized in our series. 

At the time when this investigation 
was started, the recommended dose of 
convalescent gamma globulin for protec- 
tion of pregnant women was 4 ml [2]. It is 
possible that a larger dose could have 


| prevented occurrence of the malforma- 


tions described. Krugman & Ward [14] 
recommended 10 ml of convalescent gamma 
globulin or 20 ml of pooled gamma globu- 
lin (16%) for the prevention of rubella in 
early pregnancy. Controlled series with 
this dosage are not known by us. Even 
though the dosage used in the present 
study seemed to afford protection, our 
results have given reason to advise the 
higher dosage, and at present 12 ml of 
(12%) convalescent gamma globulin are 
administered for prevention of rubella in 
susceptible pregnant women in Sweden 
[6]. [f such gamma globulin is not avail- 
able, administration of 24 ml of pooled 
gamma globulin is recommended for this 
purpose. 

Since it was impossible to obtain con- 
trol, no definite proof can be given of the 
effi .cy of passive immunization in our 
The relatively low incidence of 


rub ‘la in adequately treated women, as 
we! as the extremely few observations of 
‘def -ts possibly due to maternal rubella, 
are nevertheless encouraging. Conse- 
qu tly, it is recommended that passive 
im. unization of susceptible women, when 
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exposed to the disease in the first four 
months of pregnancy, be continued. Ad- 
ditional follow-up studies of the results, 
with respect not only to the incidence of 
rubella after treatment, but also to the 
resulting children up to the age of about 3 
years, are therefore desirable. 


Summary 


In the present investigation, 251 women 
—who in 1956 had been exposed to rubella 
in the first 4 months of pregnancy—were 
given 4 ml of convalescent gamma globu- 
lin. An account is given of a follow-up 
study, with examination of their children 
at 2-3 years of age. All but 5 cases were 
traced. Despite treatment, six women con- 
tracted rubella, i.e., an attack rate of 
2.4%. Three of these six women aborted, 
and one had a child with malformations of 
the rubella syndrome type. 

Two of the 245 women showing no signs 
of manifest rubella had children with de- 
fects that might be ascribed to inapparent 
maternal rubella. 

Another 28 pregnant women were given 
24 ml of ordinary pooled gamma globulin. 
None contracted rubella, two had spon- 
taneous abortions, and one gave birth to a 
child with mongolism. 

The present investigation indicates that 
convalescent gamma globulin and ordinary 
gamma globulin have a protective effect 
against rubella. 

The following dosage is recommended 
for future use in pregnant women exposed 
to rubella. Rubella convalescent gamma 
globulin (12%), 12 ml i.m. as soon as pos- 
sible after exposure; when this is not avail- 
able, pooled gamma globulin (12%), 24 
ml i.m. 
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Gamma Globulin against Rubella in Pregnancy 


II. Manifest Maternal Rubella in Early Pregnancy Treated with Convales- 
cent Gamma Globulin: a Follow-Up Study 


by ROLF LUNDSTROM, CLAES THOREN and BERNT BLOMQUIST 


The controversial estimates of the risk 
of congenital abnormalities have led to 
different opinions on the management of a 
woman with rubella in early pregnancy. 
Some authors have recommended thera- 
peutic abortion [4], whereas others are 
strictly opposed to an intervention of this 
type, from religious, medicolegal and/or 
medical points of view. The matter has 
recently been discussed by Jeffcoate [6], 
who found an interruption of pregnancy 
in such cases acceptable only when a ma- 
ternal psychiatric indication existed. In 
any event, induction of abortion is a poor 
solution of the problem. 

Little is known of the possibility of 
protecting the foetus of a mother with al- 
realy manifest, early maternal rubella 
from congenital defects by means of pas- 
immunization. During an epidemic 
of ribella in Sweden in 1951, a few cases 
of » ibella in pregnancy were treated with 


25 0 ml of convalescent serum 1-21 days 
aft » appearance of the rash [8]. Three 
wo en were pregnant in the third month, 
fo. in the fourth month, and two were in 
lat» stages of gestation. All nine had 
fu’ ‘erm infants, normal at birth. At 
ex ination at 1-3 years of age, eight 
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were completely healthy; the remaining 
child could not be traced. However, in 
view of the small number of observations, 
the results were inconclusive. By chance, 
unilateral perceptive deafness was detect- 
ed in one child—whose mother had been 
given convalescent serum for rubella in 
the fourth month of pregnancy—at the 


age of 5, when the investigation was 
finished. 


Another epidemic of rubella occurred 
in 1956. Since a number of women with 
manifest maternal rubella were treated 
with convalescent gamma globulin, we 
had an opportunity of making a prospec- 
tive study of their offspring. The results of 
prophylactic treatment of pregnant women 
exposed to rubella have been described 
separately [5, 10]. 


Case Material and Methods 


In 1956, every physician in Sweden who so 
wished was given, free of charge, 12 ml of 
convalescent gamma globulin for adminis- 
tration—as soon as possible after appearance 
of the rash—to each case of rubella in the 
first 4 months of pregnancy. This dose was 
three times as large as the 4 ml dose chosen 
for prophylaxis. Totally 28 women were 
treated in this way. The average interval 
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TABLE 1. Results of pregnancy in 27 cases of maternal rubella given 12 ml of con. 
valescent serum on the average 2.6 days after appearance of the rash. 


Rubella in month ) 
No. of of pregnancy 
Result of pregnancy cases I II III IV Comments 
Induced abortion 2 1 
Spontaneous abortion 6 1 2 3 One case of missed abortion. j 
Stillbirth 1 Erythroblastosis (Rh-immuniza- 
tion). 
Neonatal death 1 Immaturity, birth weight 1 520 ¢. 
Rubella syndrome 4 4 
Other abnormalities 1 1 Funnel-chest . 
Observed at birth only 2 1 One normal, one with club-foot. 
Normal at 3-4 years 9 1 4 
Twin birth 1 ] One twin died at birth, one normal, 
at follow-up. 
Total 27 1 5 6 } 


between appearance of rash and treatment 
was 2.6 days (range 0—7 days). Three of the 
women also belong to Part I of this study 
[10], since they had been treated prophylac- 
tically shortly after exposure as well. Re- 
ports on the outcome of pregnancy and the 
condition of the children at 3—4 years of age 
were collected as described in Part I [10]; all 
but five children were examined by us. Data 
were available in 27 cases; the remaining 
woman could not be traced. Two children 
were observed at birth only; at the follow- 
up examination, they were living abroad. 


Results 


The results of the study are seen in 
Table 1. Abortion was induced in 3 of the 
27 cases studied. One of them was, how- 
ever, disclosed as a missed abortion. Five 
women miscarried. If the induced, missed 
abortion is included, 6 of 25 pregnancies 
(24%) terminated in early foetal death. 
In the 19 pregnancies at risk in the first 
trimester, the abortion rate was 32%. 
Immaturity at birth was observed in one 
pair of twins, one of whom died shortly 
after birth, the other being healthy at 


follow-up. Another single immature died ‘ 
on the first day. Autopsy disclosed no ‘ 


anatomic malformations in these cases 
Four children with maternal rubella in 
the third month showed anomalies usually 
ascribed to maternal rubella, i.e., choriore- 
tinitis and perceptive hearing loss in two 
cases, chorioretinitis alone in one, and in 
one case multiple abnormalities including 
bilateral cataract, congenital bilateral 
glaucoma, mental retardation, hypospa- 
dias and pseudohermaphroditism. One 
child had a funnel-chest, but was other: 
wise normal. 


When, on one occasion, convalescent 
gamma globulin was not available, a mother 
pregnant in the second month was give! 40) 
ml of pooled gamma globulin on the day oi 
appearance of the rubella rash. The resul cing 
infant was a full-term boy, weighing 30: 0 g, 
reported normal at birth. At follow-up, 
feeding difficulties were stated to be present. 
At 3 years old he showed signs of inal, 
nutrition, and had alternating strabisriws. 
Special investigations disclosed no other eye 
anomalies, nor defects of the ears, heari, 0 
mental development. 
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TREATMENT OF MANIFEST MATERNAL RUBELLA WITH GAMMA GLOBULIN 


Discussion 


When certain virus diseases, e.g. mea- 
) sles, smallpox and chickenpox, occur in a 
pregnant woman shortly before term, the 
infant may contract the disease in ques- 
tion after birth, the interval between 
» onset in mother and in child corresponding 
_to the expected incubation period. It is 
‘uncertain whether there is an incubation 
period in early pregnancy as well. Presum- 
ing that it does exist, the teratogenic 
effect might be mitigated by giving anti- 
bodies in large quantities as soon as pos- 
»sible after the diagnosis of maternal 
rubella. Measurable amounts of certain 
antibodies are, in fact, known to pass the 
placental barrier as early as in the middle 
of gestation [14]. 

Only a few observations on the results 
of treatment of maternal rubella by pas- 
sive immunization have been published. 
Bass [2] reported a pregnant woman who 
was given gamma globulin after she had 
contracted rubella; the resulting infant 
had defects. Berge [3] gave an account of 
six women with rubella, treated with 


75-100 ml of convalescent serum. Spon- 
taneous abortion occurred in two cases, 
one yave birth to a defective infant, and 
three had normal infants. In the Journal 
of the American Medical Association 1956 
{15} the advice for a pregnant woman 
with rubella three months and five days 


pregnant was: “... Gamma _ globulin 


sho: d be given to the patient, because it 
will ‘o her no harm and it may be helpful 
to .e fetus.” Spoto [13] recommends 
pas ve immunization to all cases of 
ma‘ rubella in early pregnancy. 
Thi . believers in passive immunization 
in‘ is situation do, in fact, exist. 
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The outcome of the investigation has 
shown that, under the circumstances in 
question, the benefit was apparently 
none. The high incidence of early foetal 
death, as well as of abnormalities in the 
survivors, with great probability due to 
rubella, are comparable with recent find- 
ings of the incidence of abnormalities in 
prospective studies of maternal rubella 
not treated by passive immunization [1], 
9, 11, 12). 

The quantity of convalescent gamma 
globulin used for treatment of the cases in 
the present series was three times as large 
as that used for the apparently successful 
prophylaxis. Despite this, the unsuccess- 
ful outcome of the present trial might be 
explained by an insufficiently high dose 
of convalescent gamma globulin. Another 
possible explanation is that the mechanism 
of transfer of virus from mother to foetus 
is not influenced by passive immunization, 
since passage has already occurred before 
appearance of the rash in the mother. We 
cannot count on a neutralization of virus 
already transmitted to the foetus, since 
in these early stages no antibody transfer 
seems to take place. 

Judging by our series, administration of 
12 ml of 12 % convalescent gamma globu- 
lin does not seem to prevent foetal damage 
in cases of early maternal rubella. It is 
conceivable that much larger doses would 
have been effective. We do not, however, 
believe that there is much likelihood of 
passive immunization, after appearance of 
the disease, being successful in preventing 
such damage. Consequently, the National 
Bacteriological Laboratory has abandoned 
the recommendation of convalescent gam- 
ma globulin for cases of manifest maternal 
rubella. 


) 
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Present resources do not allow a re- 
newed trial with larger amounts of anti- 
bodies which, in such case, should be 
given immediately on onset of the disease. 

Rubella virus cannot be propagated for 
the production of a vaccine. Active im- 
munization by deliberate exposure of 
young girls to rubella should therefore be 
encouraged as far as possible. If active 
immunity has not been acquired by a 
woman in early pregnancy, exposed to rub- 
ella, convalescent gamma globulin or 
pooled gamma globulin should be ad- 
ministered as soon as possible after expo- 


sure. 
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Summary 
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Dise: 


Rubella convalescent gamma glot 


was given to 28 women with rubell. in, 


early pregnancy. Of those treated in the 
first trimester, pregnancy terminate‘ in 
foetal death in 32 % and 11 of 21 offspring 
survived. At the age of 3-4 years, four of, 
the 21 survivors showed abnormalities 
belonging to the rubella syndrome. Ad.’ 
ministration of antibodies to women with 
manifest rubella in early pregnancy did 
not succeed in preventing foetal damage. 
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Since 1953 adenoviruses types 1, 2, 3, 5, 
and 7 [9, 13] have been isolated in Sweden. 
In children adenovirus type 7 can appar- 
ently produce acute infections of the 
upper respiratory tract and in infants 
atypical pneumonia has been attributed 
to this virus [4, 9, 11, 13, 16]. No epidemic 
of type 7 infections has previously been 
reported in Sweden. However, over the 
period July-August, 1959, a large number 
of adenovirus type 7 infections occurred 
among the population of Nacka, a suburb 
of Stockholm [8]. In the autumn of the 
same year such infection was diagnosed 
in high frequency among the children 
admitted to two hospitals in Stockholm. 


of these children. The present investigation 
was started because an unusually large num- 
ber of children exhibiting both respiratory 
and gastrointestinal symptoms were hospi- 
talized. This syndrome has earlier been at- 
tributed to adenovirus infections [10]. At the 
Hospital for Infectious Diseases, specimens 
for virological examination were obtained 
from most of the patients with this syndrome 
but only from a few of those admitted for 
merely acute respiratory infection. At the 
Children’s Hospital Samariten specimens 
were taken whether adenovirus infection 
was suspected or not. Specimens were, how- 
ever, not obtained from all patients with 
respiratory symptoms, mainly on account of 
difficulties in collecting blood specimens 
(e.g. in infants and in sensitive children). 

In addition, 19 children (aged 4 months to 


bodies 11 years), who contracted acute respiratory 
lv mee illness during their stay in the hospital, were 
ee Materials and Methods examined, as were all the members of three 
2 and families in which a child had been found to 
i. © cr the period Aug. 1—Dec. 31, 1959, 717 have infection with adenovirus type 7 

chil’-en (0 to 16 years old) were admitted (Tables 3 and 4). 

for: ute respiratory infection to the Hospi- To extend the study to a control group, 

tal! Infectious Diseases and the Children’s specimens from children who had been ad- 
x ssan_ Hos ‘al Samariten. Specimens for virologi- mitted for scarlet fever were collected from 


amination were obtained from 234 


e investigation was supported by grants 
he Stockholm Municipal Board of Health 
om Nils Malmberg’s Foundation, which 
itefully acknowledged. 


33 cases. 

Water samples were obtained through the 
courtesy of the Stockholm Municipal Board 
of Health. These included raw water from 
Norsborg water-works, which supply the 
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TABLE 1. Virological data in 234 children 
admitted with acute respiratory illness 
(Aug.—Dec. 1959). 


Complement- 
fixation 
Virus strains Number of test against 
isolated from stools cases adenovirus 
Adenovirus type 
1 0/14 
2 7 2/5 
3 1 0/0 
5 2 0/1 
6 1 0/0 
7 89 61/82 
Coxsackie virus type 
B3 5 0/2 
B4 3 1/1 
Unidentified cytopathic 
agents 3 0/2 
No virus recovered 110 3/74 
Nostoolspecimen obtained 12 6/12 
Total 234 73/180 


* Numerator: number of cases with significant 
rise. Denominator: number of cases tested. 


southern parts of Stockholm and water from 
an open-air swimming-bath in Lake Milaren 
(Malarhéjdsbadet) in the same area, as well 
as sewage from apartment houses in the 
south-western parts of Stockholm, where 
most of the patients lived. 


Virological methods. Specimens. Stool speci- 
mens for virus isolation were collected from 
222 patients as soon as possible after their 
admission to hospital. From 170 of these pa- 
tients two or three serum specimens were also 
taken, the first one on admission and the 
second one 8-14 days later. In 12 cases paired 
sera only were obtained (Table 1). 

When a nosocomial infection with ade- 
novirus was suspected, stool specimens were 
collected as soon as possible after the onset 
of illness, and serum specimens were taken 
in the acute phase and during the convales- 
cent stage. 

As regards the three investigated families, 
stool specimens and acute-phase sera were 
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collected on the same day from all the mom. ¢ “- 


bers of each family. Convalescent sera vere 
drawn 14 days later. 

In the control group specimens of st ok) 
and blood were taken on admission and 
second blood sample during convalesce ice, 

Tissue cultures. Roller tube cultures of 
HeLa cells and of monkey kidney cells were 
used. They were prepared and maintained? 
as previously described [18]. 

Virus isolation: Stool specimens. A 10% 
suspension was prepared in bovine amniotic 
fluid to which antibiotics had been added. 
After low-speed centrifugation 0.1 ml of the 
supernatant was inoculated into each of 
three HeLa cell cultures and 0.2 ml into cach, 
of three monkey kidney cell cultures. The me., 
dium of the HeLa cell cultures was changed 
after 24 hours’ incubation at 35°C and in all 
cultures after one week. If the cells remained 
unaffected for 14 days, the isolation test was 
considered negative. If cytopathic changes, 
occurred in the HeLa cells, the culture fluid 
was tested for complement-fixation with a’ 
pool of human sera from convalescents after 
adenovirus infection. Materials negative 
in this test were pooled with fluids from 
degenerated monkey kidney cultures and 
passed in HeLa and monkey kidney cell 
cultures. The fluids from degenerated cul- 
tures were again tested for adenovirus anti- 
gen. 

Water samples. One part of phosphate 
buffered saline of a concentration ten tires 
the physiological one was added to nine 
parts of the water sample to be tested. The 
samples were inoculated into HeLa cell 
cultures, of sewage 1 ml per tube and of ot her 
samples 5 ml per tube. The medium was 
changed 3 hours after inoculation. 

Typing of isolated virus strains. Aden vi- 
ruses were typed by neutralization t sts 
with rabbit hyperimmune sera using the 
technique devised by Kjellén e¢ al. [9]. 
Delay of cytopathic changes for at least one 
week was the criterion for type identi ica-! 
tion. Isolated strains were tested aga nst 
sera of types 1-17, with the exclusio: of 
types 8 and 12. Rabbit hyperimmune era 
were prepared by the method of Kje “ 


immu 


again 


(tissiu 
diluti 
fects 

typin 
not r 
longe! 
result 


Cx 


from 
and ¢ 
the © 
sociat 
Co 
techn 
gen h 
Titres 
the s 
rise il 
Te. 
sera 
et al. 
whicl 
demi 
serun 
least 
serun 
Ba 
naso} 
bacte 
admi: 
In 
teriti 
Salm: 
alse: 
sever 


patie 


\ 

on 
ne 
ste 
fo: 
Sti 


mem. 
vere) 


RESPIRATORY ILLNESS AND GASTROENTERITIS IN ADENOVIRUS 7 INFECTION 


et ai. [9] or by a technique using adjuvant 
immunization [18]. The sera were titrated 
against a large dose of homologous virus 


stook) (tissue culture fluid diluted 1:10). A serum 
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dilution that neutralized cytopathic ef- 
fects for at least 10 days was employed for 
typing. This dilution, usually 1:2-1:10, did 
not neutralize other adenovirus types for 
longer than 4 days at most. To confirm the 
results new material of the prototype strains 
7 ‘Gomen’ and 7A ‘S-1058’ was obtained 
from the American Type Culture Collection 
and a rabbit hyperimmune serum against 
the Gomen strain from Microbiological As- 
sociates, Inc., Washington, D.C. 

Complement-fixation (CF) tests. The micro- 
technique used and the preparation of anti- 
gen have been described elsewhere [6, 9, 14]. 
Titres are recorded as the inverted value of 
the serum dilution. A fourfold or greater 
rise in titre is considered significant. 

Test for neutralizing antibodies. Patient 
sera were tested by the method of Kjellén 
etal. [9] against a type 7 strain (24592/59) 
which had been isolated during the epi- 
demic. A titre rise was recorded if convalescent 
serum inhibited the cytopathic effect for at 
least 3 days more than did acute-phase 
serum. 

Bacteriological methods. From 689 children 
nasopharyngeal, nose and throat swabs for 
bacteriological examination were taken on 
admission. 

In patients with symptoms of gastroen- 
stool specimens were cultured for 
Salmonella and Shigella, in most infants 
alse for enteropathogenic FH. coli. Usually 
several specimens were cultured from each 


teritis, 


patient. 


Results 


| ‘rological results. The virological data 
on e 234 children with acute respiratory 
ill» ss are summarized in Table 1. Ade- 
no. rus strains were isolated from the 
stc 's of 101 out of 222 cases investigated 
fo: virus excretion. Eighty-nine of these 
sti ns were identified as type 7; the others 
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belonged to types 1, 2, 3, 5, and 6. In 
addition eight Coxsackie B strains’ and 
three agents not yet identified were re- 
covered. 


Two of the latter three agents probably 
belong to the adenovirus group. Thus fluids 
from the degenerated HeLa cultures of the 
isolation test contained an antigen capable 
of fixing complement in the presence of a 
pool of human sera from convalescents after 
adenovirus infection. When tested against 
paired sera, the antigen gave similar titre 
rises as the standard adenovirus antigen 
employed. On passage no or only a weak 
cytopathic effect was observed, although the 
tissue culture fluid again gave a positive CF 
reaction. For one specimen (B 8560/59) 
this CF activity could only be carried through 
two subpassages. All passages from the other 
specimen (24642/59) showed CF activity and 
the cytopathogenicity slowly increased. Only 
after 10 passages was it pronounced enough 
for typing tests to be carried out. The strain 
could, however, not be referred to any of 
types 1-7, 9-11 or 13-17. It should be men- 
tioned, that a second stool specimen ob- 
tained from the same patient 19 days later 
than 24642/59 was shown to contain adeno- 
virus type 1. 


Paired sera were obtained from 82 of 
the 89 patients excreting adenovirus type 
7. Sixty-one of them showed a rise in CF 
titre against adenovirus antigen. Of the 
other 21 children all but two had a titre 
of at least 4. Eight had, in both sera, titres 
of 32 or higher. In most of these 8 cases 
acute-phase serum had been taken later 
than 1 week after the onset of illness. 

Only a few specimens were examined for 
the presence of neutralizing antibodies 
against adenovirus type 7. It should be 


1 In 3 of the Coxsackie cases a significant rise 
in neutralizing antibodies was demonstrated. 
From the other 5 cases one serum specimen only 
was obtained, but all these specimens were found 
to contain neutralizing antibodies to the isolated 
virus type. 
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Adeno type 
hyperimmune serum 


Adeno type 7 Gomen 
hyperimmune serum 


160 + 
320 
640 5 
1280 5 

2560 
5120 


serum dilution 


Oo123 456786 9 10 

days 
Fig. 1. Neutralization of adenovirus type 7 ‘Gomen’ and type 11 ‘Slobitski’ hyperimmune sera 
against type 7 ‘Gomen’, type 7A ‘S-1058’ and strain B 8543/59 isolated during the observed epi- 
demic. Abscissa: duration of inhibition of cytopathic changes. Ordinate: inverse value of serum 
dilution. Three tissue culture tubes per dilution step. , prototype 7 ‘Gomen’ received from 


Dr. Huebner 1956 (inoculation dose 105? TCID,,). ——- , prototype 7A ‘S-1058’ received from 
ATCC 1960 (inoculation dose 104° TCID,,) -:::: , strain B 8543/59 (inoculation dose 104? TCID,,). 


mentioned, however, that the two pa- fever could adenovirus be isolated. Nor 


tients, who excreted adenovirus type 7 could a rise in CF titre be demonstrated. 
without developing a response in CF titre No virus was found in raw water from 
(<2-<4; 2-2) both had neutralizing an- the water-works or in the water of the 
tibodies against adenovirus type 7, one open-air swimming-bath, whereas adeno- 
of them with a rise in titre. On the other virus type 7 was demonstrated in sew- 
hand, only one of three patients with titre age from an apartment house in one of 
rise in CF antibodies but negative stool the suburbs south-west of Stockholm and 
specimen had neutralizing antibodies (and Coxsackie virus type B 3 from another 
in addition a titre rise) against type 7. house in the same district. 
Finally, rises in CF as well as in type 7 According to some authors [12], a 
neutralizing antibody titres were demon- subtype 7A can be established within t!:¢ 
strated in 6 out of 12 patients from whom type 7 group. The results obtained in our 
paired sera but no stool specimen were laboratory by repeated neutralization 
obtained. tests agree more closely with those o!- 
The only patient excreting Coxsackie tained by Binn et al. [3], in that only ii - 
virus who showed rising CF titre (<2-4) _ significant differences could be demo: - 
against adenovirus had no neutralizing strated between the prototype strains 
antibodies against type 7. 7A and three strains from the curre! 
The results of the family studies and epidemic. As an example the results of @ 1 
of the investigations of the cases with experiment with a hyperimmune serw ) 
nosocomial infection are summarized in against the Gomen strain are shown 
Tables 3 and 4. Fig. 1. Analogous results were obtain 
In none of the 33 controls with scarlet with another line of the Gomen straii 
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No. of 
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THE CHILDREN’S HOSPITAL SAMARITEN 


INFECTIOUS DISEASES 


13)14)15|16 years 


Fig. 2. 


Age-distribution of 717 children admitted for acute respiratory illness during Aug.—Dec. 
1959. [} Adenovirus type 7 isolated. No adenovirus type 7 isolated. [] Stool specimen 


not obtained. 


which for control purposes was imported 
from the American Type Culture Collec- 
tion in 1960, as well as with another Go- 
men antiserum which was obtained from 
Microbiological Associates, Inc. In accord- 
ance with earlier observations [3, 17] 
hyperimmune sera against types 3, 11 and 
14 were found to inhibit temporarily the 
cytopathic effect of type 7 strains. This 
phenomenon was most pronounced for 
serum against type 11. Fig. 1 illustrates 


the marked difference in slopes between 
the curves representing heterotypic and 
hor otypic neutralization. The prototype 
str. ns and three current strains tested 
bel. :ved identically in this respect. 
wteriological results. The bacteriological 
res ‘ts are of special interest in those cases 


wh -e the nose and throat swabs were col- 


lected before any antibiotic therapy was 
started. Within this group one or more of the 
following bacteria were found in about 50 
per cent of the virologicaliy investigated 
children and about 60 per cent of those 
not investigated virologically: S-haemolytic 
streptococci, Staph. aureus, pneumococci and 
Haemophilus influenzae. The frequency of 
B-haemolytic streptococci was higher in the 
children who had not been investigated 
virologically. This is explained by the fact 
that during the late-autumn epidemic of 
scarlet fever (Fig. 3) in Stockholm a great 
number of children with streptococcal 
tonsillitis were admitted to the Hospital for 
Infectious Diseases, and these were not in- 
vestigated virologically. Among the pa- 
tients at the Children’s Hospital Samariten 
a higher frequency of pneumococci was found 
than among those at the Hospital for Infec- 
tious Diseases. This difference is possibly 
attributable to the age-distribution of the 
patients (Fig. 2), since findings of pneumo- 
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THE CHILDREN’S HOSPITAL SAMARITEN 


Acute respiratory illn 
No. of y 
cases 
404 


30 | | 


THE HOSPITAL FOR 
Acute 


INFECTIOUS DISEASES 
respiratory illness 


| 


THE HOSPITAL FOR INFECTIOUS DISEASES 
Scarlet fever 


200 
1604 [ 
1204 
80 | 
40 
Is 


Fig. 3. Number of children admitted with acute 
respiratory illness or scarlet fever by 14 day 
periods. Adenovirus type 7 isolated. [J No 
adenovirus type 7 isolated. [] Stool specimen 
not obtained. 


cocci in the nose and throat are reported to 
be most common in the youngest age- 
groups [15]. Concerning the other bacteria 
mentioned no particular differences were 
disclosed. 

One of the above-mentioned 
bacteria was similarly found in about 50% 
of those 45 children with acute adenovirus 


or more 


type 7 infections, who had not received anti- 
biotic therapy before collection of specimens. 
The number of cases is too small, however, to 
allow a definite assessment of the frequency 
of the different bacterial species. 
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In children who had received antibiotics — | 


in most cases penicillin—before collection of 
specimens, the frequency of the above- 
named bacteria, Haemophilus influenzae 
excepted, was lower. 

From the 253 patients virologically in- 
vestigated, no Salmonella, Shigella or en- 
teropathogenic EH. coli were recovered. [n 
the same age-group altogether 10 cases of 
Salmonella infection, 3 cases of Shige'la 
infection and 1 case of infection with entero- 


pathogenic EH. coli were diagnosed at the two 


hospitals during the period under investi- 
gation. 


Clinical observations. On the basis of 
clinical symptoms the material can be 
divided into two main groups: patients 
with acute respiratory illness, and patients 
with respiratory illness combined with 
gastrointestinal symptoms (Table 2). 

Of patients investigated virologically 
138 belong to the first group. They exhibit- 
ed symptoms referable to nose and throat, 


in some cases even to the lower respiratory 
tract. In 29 of the latter patients bron- 
chopneumonia was diagnosed by X-ray. 
Symptoms of laryngotracheitis were rare. ' 
No conclusions should be drawn from this 
fact, however, since such patients are as a 
rule admitted to otological wards at other 
hospitals. 

In the second group, consisting of 
patients who, besides symptoms referable 
to the respiratory tract, exhibited gastro- 
intestinal symptoms—diarrhoea with or 
without vomiting for more than 1 day — 
84 (including 3 cases of bronchopne1- 


monia) were investigated virologically. 
Patients with gastroenteritis—excepti ig 
infants—are as a rule admitted to te’ 
Hospital for Infectious Diseases. The tot al 
number of children with only gastroente: i- 
tis who were admitted to this hospit 1 
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cs — TABLE 2. Distribution of adenovirus type 7 isolations from cases with different 
mn. of clinical syndromes. 
e- 
nene ) The Children’s Hospital The Hospital for Infectious 
Samariten Diseases 
n- Number of cases Number of cases 
en- Adenovirus Adenovirus 
~ in Investi- type 7 Investi- type 7 
s of Symptoms Total gated isolated Total gated isolated 
sella 
ero- ) Acute respiratory illness with no 
two signs of gastroenteritis 262 84 19 334 54 17 
bee | Acute respiratory illness with 
eRoUNe gastroenteritis 26 11 4 95 73 49 
Gastroenteritis with no signs of 
acute respiratory illness 19 0 0 25 5 0 
of 
he > over the period August-December, 1959, sitive stool specimen and a rise in titre 
nts | was only 25, of whom 13 were found to be of CF or type 7 neutralizing antibodies 
nts infected with Salmonella (10 cases) or or a rise of both kinds of antibodies but 
vith | Shigella (3 cases). On the other hand, 95 negative or no stool specimen. This makes 
) children with respiratory as well as 
ally | gastrointestinal symptoms were admitted. signs and symptoms 
bit- Seventy-three of these were investigated Oe 
oat, _virologically and adenovirus type 7 was 
ory recovered from 49. Fever 
‘on- Fig. 2 shows that adenovirus type 7 Myalgia _ 
ay. was isolated from children of all age- Headache = 
are.' groups including infancy (the youngest 
this patient being 4 months old). The greatest 
onjunctiviti =) 
usa number of strains were recovered from Otitis o 
her patients at the age of 7-10 years. All the Rhinitis —— 
infants, except one, were admitted to the Sinuitis =) 
of | Children’s Hospital Samariten. Pharyngotonsilitis ZZ) 
ble The peak incidence of admitted cases Lymphadenopathy MZ) 
tro- occurred in September (Fig. 3). 
‘Most children from whom adenovirus 
aryngotracheitis 
y— type 7 was isolated were admitted on the - 
Bronchitis 
ei- th rd or fourth day of illness. Bronchopneumonia 
t has earlier been shown that adeno- _ Gastrointestinal: 
ing vi is can be excreted for a long time after Vomiting = 
tie’ th onset of infection [9, 10]. For this Diarrhoea J 
otal re son the detailed clinical study will be Abdominal pain {| 
ej li: ited to patients with evidence of acute Fig. 4. Clinical features in 75 children with acute 
children treated 


a -novirus type 7 infection: either a po- 


adenovirus type 7 infections. 
at the Children’s Hospital Samariten. 
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a total of 75 cases from both hospitals, 
including 6 cases of hospital infection in 
children admitted for some other illness. 
As seen in Fig. 4, the main symptoms were 
fever, conjunctivitis, rhinitis, pharyngo- 
tonsillitis, cervical lymphadenitis and in 
more than half of the cases gastroenteritis. 
An uncharacteristic exanthema was noted 
in three children. In more than four- 
fifths of the cases the fever (>37.4°C) 
started with a sudden rise to 39-40°C and 
lasted for 2 to 12 days; only two children 
had fever of less than 5 days’ duration. 
The conjunctivitis was often bilateral; only 
in a few cases was it severe and of a puru- 
lent nature. The rhinitis was usually fairly 
mild. Nearly all children had pharyngo- 
tonsillitis. Plugs in the tonsils were often 
observed, also in cases where /6-haemolytic 
streptococci were not found; many of these 
cases had, however, received antibiotics 
before the collection of specimens. In 
about half of the cases the cervical lymph- 
nodes were moderately enlarged. In a few 
children the course was complicated by 
acute otitis media. The diagnosis of sinui- 
tis was made only if pathological changes 
in the nasal sinuses could be demonstrated 
radiologically. Out of 24 examined children 
only 13 exhibited such changes of varying 
degree of severity, from thickening of the 
mucous membranes to complete occlusion. 
Cough was noted in 27 children. X-ray 
examination of the lungs, performed in 25 
children including five who had bronchitis, 
showed no abnormalities. 

Nausea and vomiting were common. 
In more than half of the cases diarrhoea 
was the predominating feature and led to 
admission to the Hospital for Infectious 
Diseases on the suspicion of Salmonella 
infection. However, these children had in 
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addition signs of respiratory infectic 
Marked abdominal pain was not unusu: |, } 
whether other symptoms of gastroenteri is 
were present or not. 

Many of the children complained 1f 
headache, a few of giddiness as weil. | 
Muscle pains, mostly in the extremities, 
were present in some cases. Signs of lesions 
of the central nervous system were not \ 
seen. Examinations of the cerebrospinal 
fluid in 17 children revealed no abnormaii- 
ties as regards cell, protein or sugar content. 

The general condition was in most chil- 
dren good, despite the high fever, and the 
period of convalescence was usually short. 


= 


~ 


Electrocardiograms were taken in 62 
children. All but one were normal. The 
pathological one showed prolongation of the 
P-R interval and was from a child infected 
with f-haemolytic streptococci in addition | 
to adenovirus type 7. 

Out of 69 non-nosocomial cases 39 had on 
admission white blood cell counts below and 
10 above the range given as normal for the 
age [5]. Values below 4000 were recorded in 
12 children, whereas only two had counts 
exceeding 15,000. A slight or moderate in- , 
crease in neutrophil leucocytes was recorded 
in most cases. The erythrocyte-sedimenta- 
tion rate (E.S.R.) was determined according 
to Westergren (in 59 cases) or by Strém’s 
micromethod (in 10 cases). The highest re- 
corded value (mm per hour) varied from 
normal to 47 (Westergren) and 43 (Strém). 
In several of the children with a white bloo: 
cell count exceeding 10,000 or high E.S.F. 
or both, bacterial complications could not be 
demonstrated. All the children had haem«- 
globin values of at least 11 g per 100 ml an1 
normal urine findings. 


Among those children from whom ad:- ' 
novirus type 7 was isolated without ser: - 
logical evidence of acute adenovirus ii - 
fection there also occurred a syndrome « f | 
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TsBLE 3. Clinical and virological data among the members of three families in which a 
child has been found to have infection with type 7 adenovirus on admission to the 
Children’s Hospital Samariten. 


+, obvious; (+), slight; —, absent 
N. Family Kj. Family T. Family 

Age (years) 79 305 9d 299 29° 322 10¢ 52 282 35¢ 
Day of onset Sept.11 16 23 26 — |Sept.17 Oct.6 9 12 Oct.22 30 30 Nov.2 
Max. temp.(°C) 40.0 40.4 38.8 39.0 -—- | 40.0 38.5 38.0 — 39.4 40.4 39.5 38.6 
Duration of 

fever (days) 13 7 7 3 3 8 4 6 
Myalgia = = + + = 
Conjunctivitis + + = + 
Rhinitis + AGE) + + = 
Pharyngotonsil- 

litis = (+) + i) 
Cough + + + + = + - 
Gastroenteritis = + =. = 
Adenovirus type 7 + + - + + + + 
CF titreSerumI 2 128 4 4 4) <2 4 <2 8 16 16 16 4 

Serum II 8 128 4 32 64 t 4 4 8 64 8 16 16 


Hospitalized. 


fever, conjunctivitis, pharyngotonsillitis 
and, in many cases, gastroenteritis. This 
group included 5 cases of pneumonia, in 
one of which the patient was a 2 year old 
girl who had severe atypical pneumonia 
complicated by myocarditis (see Table 3, 
family N). 

All the children excreting adenovirus 
types 1, 2, 3, 5 and 6 were ill with fever 
an! pharyngitis; one child from whom type 
2 was isolated had, in addition, radiologi- 
ca''y verified pneumonia. One of the chil- 
dr-n who had adenovirus type 1 in her 
st-ols was probably the source of a type 1 
in'-ction in another child in the same 
wed. 

‘he patients from whom Coxsackie 
vi is was isolated had fallen ill with re- 
s} atory symptoms. Some had, in addi- 
ti i, muscle pains and mild diarrhoea. 


Epidemiology. Prior to the outbreak of 
the epidemic described here 19 adenovirus 
strains were recovered from children ad- 
mitted to the Children’s Hospital Sama- 
riten and the Hospital for Infectious Dis- 
eases in Stockholm over the period Jan. 
1958-July 1959 (276 investigated cases). 
Of these strains seven belonged to type 7 
and the others to types 1, 2, or 5. In July, 
1959, an adenovirus type 7 epidemic oc- 
curred at Nacka, a suburb south-east of 
Stockholm [8]. 

Other infectious diseases that occurred 
epidemically in Stockholm in 1959 were 
influenza and scarlet fever. Thus an in- 
fluenza B outbreak took place during 
January-March. Absence rates in the 
schools of up to 25% were noted during 
January-February [1], after which they 
fell to normal in the last part of March 
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TaBLeE 4. Virological data in 19 children 
with nosocomial acute respiratory illness. 


Complement- 
fixation 
Virus strains Number of test against 
isolated from stools cases adenovirus 
Adenovirus type 
1 
2 l 0/1 
7 10 5/7" 
No virus recovered 7 0/5 
Total 19 6/14 


* Numerator: Number of cases with significant 
rise. Denominator: Number of cases tested. 

® One case with CF titres <2-2 had rise in 
neutralization test against adenovirus type 7. 
(about 8 %). In the autumn no cases of in- 
fluenza were recorded. Only sporadic 
cases of enterovirus infections (polio, 
Coxsackie and ECHO viruses) occurred in 
1959. While the investigation presented 
here was in progress, a large epidemic of 
scarlet fever broke out. It will be seen 
from Fig. 3 that the incidence of scarlet 
fever reached its maximum somewhat 
later than did that of the adenovirus type 
7 infections. 

The Hospital for Infectious Diseases 
receives patients from the whole of Stock- 
holm, whereas the Children’s Hospital 
Samariten covers mainly the south-western 
parts of Stockholm and of its surroundings. 
Most of the above-described type 7 cases 
came from the southern and the western 
suburbs where the number of large families 
is greater than in any other residential 
area of Stockholm. Multiple cases with 
similar symptoms frequently occurred in 
the home, in the apartment house, among 
playmates, in day-nurseries, in the schools. 
The family study summarized in Table 3 
shows that virtually symptom-free infec- 
tions also occurred. 
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On the suspicion of hospital infection 
with adenovirus, 19 children were investi¢a- 
ted. Adenovirus type 7 was isolated from 
10 (Table 4). Serological results suggest 2d 
that the infection was contracted in te 
hospital in at least 6 of these cases. That | 
this type of infection is readily communii- | 


cable is demonstrated by the following } 


chain of nosocomial infections, which also 
illustrates the difficulty in drawing aetio- 
logical conclusions from the clinical pic. | 
ture in acute respiratory illness. 


1. S. record no. 1687/59. A 9 year old boy 
who on Dee. 8, 1959, became ill with tem- 
perature of 40°C, sore throat, mild conjunc- 
tivitis, vomiting and profuse diarrhoea. , 
Penicillin treatment at home. Admitted on 
Dec. 10. Nasopharyngeal culture: H. in- 
fluenzae. Repeated cultures from _ stools: 
normal bacterial flora. Stool specimen on 


Dec. 11: adenovirus type 7. CF antibodies | ° 


against adenovirus: Dec. 11: <2, Dee. 19: 32. 

2. S. record no. 1689/59. A 2 year old boy 
who was admitted on Dec. 11, the day after 
patient no. 1, with whom he shared room for 
the next 24 hours only. For a few days he 
had had high fever, purulent conjunctivitis 
and mild diarrhoea. Penicillin treatment at 
home without effect. Bronchopneumonia, 
otitis and sinuitis diagnosed on admission. 
Nasopharyngeal culture: H. influenzae. Afeb- 
rile on Dec. 15 but remained in hospital 
for social reasons. Dec. 21 (11th day at 
hospital): Temperature 39,2°C. Recurrence 
of conjunctivitis. Intense rhinopharyngitis. 


Loose stools on a few occasions. X-ray of chest, 


on Dec. 29: regression of earlier changes. 
Nasopharyngeal culture on Dec. 28: //. 
influenzae. Stool specimen on Dec. 12: 1:0 
cytopathic agent; Dec. 28: adenovirus ty;e 
7. CF antibodies against adenovirus on Dec. 
12: 2, Dec. 30: <2, Jan. 7, 1960: 8. 

3. S. record no. 1698/59. A 2 year old gl 
who had had high spiking fever, rhinit’s, 
cough, and conjunctivitis. Admitted on De:. 
12. Placed with patient no. 2 in a two-bid 
room. X-ray of chest: extensive areas f | 
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brcuchopneumonia on both sides. Naso- 
pheryngeal culture: H. influenzae. Afebrile on 
Dec. 14. Stayed for further investigation of 
chest deformity. Dec. 30: Temperature 39.8°C, 
rhinopharyngotonsillitis, enlarged cervical 
lymph-nodes. No conjunctivitis. Stools nor- 
ma!. Nasopharyngeal culture on Jan. 2, 
1960: H. influenzae, and scanty growth of 
Staph. aureus. Stool specimen on Dec. 13, 
1959: no cytopathic agent; Jan. 3, 1960: 
adenovirus type 7. CF antibodies against 
adenovirus: Dec. 12, 1959: 16; Jan. 2, 1960: 
16, Jan. 11: 264. Neutralizing antibodies 
against type 7: Dec. 13, 1959: negative, Jan. 
2, 1960: negative and Jan. 1]: + +. 


From these case records it will be seen 
that patient no. 1 probably spread the in- 
fection to patient no. 2, who on admission 
had no adenovirus infection. This patient 
probably was the source of the infection 
that patient no. 3 contracted during her 
stay in the hospital. 

The incubation period is estimated to 
7-10 days. 


Discussion 


The present study of an epidemic of 
adenovirus type 7 infections in Stockholm 
in the autumn of 1959 should permit more 
definite cor-clusions concerning some clini- 
cal features of such an infection than most 
previous studies have allowed. In most 
respects the picture in the 75 children 
with proved acute infection with adeno- 
viris type 7 agrees well with that earlier 
dessribed for such infections: high and 
sor:etimes spiking fever for 1 week with 
acve symptoms referable to the nose and 
thr at, conjunctivitis and moderate en- 
¢ment of the cervical lymph-nodes. In 
th: epidemic under investigation there 
oc: irred, in addition, a great number of 
ca: 3 with symptoms of gastroenteritis. 
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During the period of investigation 
Salmonella and Shigella infection in 
children occurred to a small extent only. 
On the other hand, from children with 
gastroenteritis in combination with respir- 
atory symptoms adenovirus type 7 was 
isolated in about two-thirds of the in- 
vestigated cases. The incidence of isolated 
adenovirus type 7 strains was actually 
higher among children with this combina- 
tion of symptoms than among children 
with respiratory infection only, in whom 
about one-third of those investigated ex- 
creted this virus type. No adenovirus 
infections were demonstrated in a control 
series consisting of patients with scarlet 
fever from a period of time that practically 
coincided with the height of the adenovirus 
epidemic and from the same parts of 
Stockholm. 

It seems therefore established that 
adenovirus type 7 does not only cause 
respiratory symptoms but can also give 
rise to gastroenteritis in children. Previous 
findings have suggested that adenovirus 
type 3 may also produce gastrointestinal 
symptoms [2, 10]. The limited family study 
showed that virtually symptom-free type 
7 infections may also occur. 

The high incidence of adenovirus type 
7 infections among the hospital patients 
indicates that there was an epidemicspread, 
particularly in those large-family residen- 
tial areas south and west of Stockholm, 
from where most of the patients came. 
The spread of adenovirus type 7 within 
the families as well as the hospital infec- 
tions suggest that the virus spreads readily 
in closed groups. The general morbidity 
during the adenovirus type 7 epidemic 
was, however, not at all so high as, for 
instance, during epidemics of influenza 
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and did not exceed the average morbidity 
among school-children at this time of the 
year [7]. 

Modes of transmission, other than per- 
sonal contact, for instance, via children’s 
paddling pools, public baths, etc., are pos- 
sible but have not been established by 
evidence. 


Summary 


During an epidemic in Stockholm in the 
autumn of 1959 adenovirus type 7 was 
isolated from 99 hospitalized children. 
‘There was serological evidence of acute 
adenovirus infection in 75 cases. The virus 
strains could not be referred to types 7 or 
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7A according to the scheme of Rcwe 
et al., since no definite differences e. 
tween the prototypes for these strains 
could be demonstrated by cross-neutralia- 
tion tests. In addition to the symptoms of 
acute respiratory illness observed pre vi- 
ously in such infections, many of ‘he! 
patients exhibited symptoms of gastrovn-} 
teritis, for which no other cause could be 
established. 
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The Bacterial Flora of the Upper Respiratory Tract and Gut in 
Children of Nomad Lapps! 


by GUNNAR LAURELL and TORE MELLBIN 


The nomad Lapps differ in certain re- 
spects from the rest of the population in 
Sweden. They are constantly on the move, 
following the reindeer herds high up into 
the mountain districts during the summer 
and down towards the coast in winter, and 
the families therefore have to have at least 
two, and often more, dwelling places. 
During the summer these people are iso- 
lated in the mountains; in winter they 
usually live in small inland villages. Com- 
pared with the rest of the population, 
therefore, they are in most respects more 
isolated all the year round. This isolation 
has been reduced during recent years, 
especially in the southern regions, but in 
the most northerly districts it is_ still 
marked, 

Like other children in Sweden, the no- 


ma children begin school at 7 years of 
age. Owing to the great distances they go 
to hoarding schools, where they are in 
clos» contact with each other, in contrast 
to ‘he time before they start school and 
to ‘ie summer holidays. 
‘T1e contact that exists between the 
nor ad school-children and the sedentary 
po; ‘lation varies in the different school 
* This investigation was supported by a grant 
fro. the County Council of Norrbotten, Sweden. 
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districts, and is closer in the more southerly 
of those investigated. The children from 
the northernmost districts are therefore 
more isolated during both term and holi- 
days, and also before they start going to 
school. 

The life of the Lapps is, as we have said, 
conditioned by the movements of the 
reindeer. The proximity of the people to 
these animals and their produce and the 
abundance of dogs might be expected to 
be reflected in the bacterial flora of the 
people. 

With regard to these conditions, in- 
vestigations were carried out to discover 
the nature of the bacterial flora of the 
nomad children in connexion with other 
investigations on these children (Mellbin, 
to be published). 

An investigation such as this is also of 
interest in a wider sense. In these times 
there are some difficulties in finding 
material to make up a normal series. This 
applies not least to the bacteria of the 
respiratory tract. The widespread use of 
antibiotics has produced a shift in the 
bacterial flora, sensitive organisms being 
eliminated and replaced by resistant, 
sometimes of the same species but com- 
monly of another. This trend is most 
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with the six nomad-schools spirat 
and the corresponding districts & 
@Lannavaara 
Phi 
Jukkasjarvi nome 
4 Jukke 
The hatched area on the 4 } plog i 
small map indicates the 1 The ¢ 
distribution of the Lapps 
in the northern parts of AN San 
Norway, Sweden, Finland 
and Russia > and a 
| of inv 
} and t 
lected 
re 
analy’ 
imme 
A 
to ob 
envire 
tests V 
11-7 | 
vestig 
throat 
imme 
Fig. 1 Bec 
ig. 1. 
trated 


marked in hospitals and close communities 
but is also encountered in standard sections 
of the population. During recent years, 
therefore, attempts have been made to 
find in which the _ bacterial 
flora is unspoilt by antibiotics. Searches 
have been made among populations living 
under isolated conditions. Particular at- 
tention has been paid to Staphylococcus 
aureus, and in 1954 Hopps, Wisseman & 
Whelan (4) investigated skin-strains iso- 
lated from Dusums in northern Borneo 


material 


and from patients in tropical Mexico. 
All were penicillin sensitive, but some 
formed penicillinase. An investigation that 
also illustrates the incidence of Staph. 
aureus in the respiratory tract was per- 


of the 
of the 
oceasi 


the ch 


formed in 1956 by Rountree (7). She 
examined 120 persons from the Wagaba 


region of New Guinea, and demonstrated ate 
Staph. aureus among 23 of them. All ;,.... | 
strains were sensitive to penicillin, strepto- they 

mycin, oxytetracyclin, chlortetracy:lin, year, | 
and chloramphenicol. Phage-typing re- 8 unit 
vealed that the types present were the Pe a 
same as those encountered in the res} 
tory tracts of persons in civilized reg: 


Although the isolation of the Swe. ish form « 
Lapps can in no way be compared to _ at 
of the populations above-mentioned, © is 
fairly marked. 

To obtain an all-round conceptio: of 
the bacterial flora, the organisms té en jj », 
up in this investigation include not « ily up, 
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Staph. aureus but also other latent 


} path: gens commonly found in the re- 
spiratory tract and gut. 


Material 


The series comprises all children at the 
nomad schools in Karesuando, Lannavaara, 
Jukkasjarvi, Géllivare, Jokkmokk, and Arje- 
} plog in the County of Norrbotten (see Fig. 1). 

The children were aged 7—14 years. 
Samples were collected in autumn 1957 
and autumn 1958. During the first period 
| of investigation swabs were taken from nose 
and throat, specimens of faeces were col- 
lected, and serum was taken for serological 
analysis from the 55 children in Form 1 
immediately on arrival at school, in order 
to obtain results not affected by the new 
environment. Seven weeks later the same 
tests were made on all 330 children in Forms 
1-7 |1-6]. During the second period of in- 
vestigation, in autumn 1958, nose and 
throat swabs were taken from all 310 children 
immediately on arrival at school. 

Because teaching in Form 7 is concen- 
trated to two (Jukkasjarvi and Giillivare) 
of the six nomad schools, the composition 
of the series differs slightly from the first 
occasion to the second. On the first occasion 
the children in the highest form are classed 
with the school they had been attending for 
the past 7 weeks; on the second the seventh- 
form children are classed with the school 
they had attended during the previous 
year, as the particular school environment 
is unimportant in this connexion. 

No detailed investigations with typing or 
sero'ogical analysis were carried out during 


the second period of investigation. The tests 
usin’: special transport-substrate were per- 
forred in both 1957 and 1958. 
Methods 
Collection of samples 
ree different swabs were taken from the 
up) » respiratory tract. Two were taken with 
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ordinary swab-sticks from the antrum nasi 
and throat, respectively. The third was taken 
with a naso-pharynx swab. The swab-sticks 
were immediately placed in oblique-agar 
tubes, and dispatched by the fastest possible 
means to the Institute of Bacteriology, 
Uppsala. A new transport substrate described 
by Stuart, Toshach & Patsula (8) was tried 
on each occasion, certain of the samples from 
throat and naso-pharynx being duplicated. 
These were sent with the rest of the samples. 

Specimens of faeces were dispatched in 
ordinary plastic tubes, with no added sub- 
stance. 

Specimen-taking was arranged to fit in as 
closely as possible with train time-tables. 
The mean interval between sampling and 
incubation was 30 hours, and was equal for 
specimens from schools in both northern 
and southern districts. 

Blood samples for serological analysis were 
collected by venipuncture. They were allowed 
to stand for 4-6 hours to coagulate, after 
which the tubes were centrifuged. The serum 
was pipetted off, immediately frozen, and 


stored at — 20°C until required. 


Culture 


The bacteriological specimens were cul- 
tured on the following substrates. 


Respiratory tract 


1, Agar with 10% sheep’s blood. 2, Agar 
with 10% sheep’s blood and gentian violet 
(1/750,000). 3, Phenol-mannite agar with 
7.5% NaCl (Chapman) (1). 4, Haematin 
agar. 5, Sabouroad agar. 6, Ordinary meat 
broth with 7.5% NaCl for enrichment of 
Staph. aureus. The swabs from the antrum 
nasi were inoculated on this medium. 
7, Ascites broth with sodium azide (1/4000) 
for enrichment of Pneumococci. 


Faeces 

8, Ordinary endoagar. 9, Conradi Dri- 
galski for typing L. coli. 10, Phenol—mannite 
agar with 7.5% NaCl (Chapman) (1). 11, 


raba 

All 
pto- 
clin, 
re- 
the 
ra- 
ns. 
ish 
iat 
18 
of 
en 
ily 
} 


472 
Staph. pyogenes |f-haemolytic Streptococcus 
60 604 
= 
= 
+40 40 
Nose 207 


r40 404 
-—~ | 7 
+ 60 604 

4 

Total L {Ju} G A 


School Total 


No. of 
children 


A 


Pneumococcus **|Haemophilus influenzae 
60 604 
40 404 
r20 20 

Throat | 
40 40 
r 60 604 


School Total 


No. of 
children 


Fig. 2. Pathogenic bacteria. Percentage incidence 

in nose and throat among children from the 

various schools. Schools: K. = Karesuando, L. 

Lannavaara, Ju. =Jukkasjarvi, G. =Gillivare, 
Jo. =Jokkmokk, A. = Arjeplog. 


Kauffman enrichment medium for isolation 
of Salmonella. 12, Desoxycholate citrate 
agar plates for Salmonella and Shigella. 

Plates 1, 3, 4, and 5, and tubes 6 and 7 
were incubated in air at 37°C, and were 
read off after 48 hours. Plates 3 and 5 were 
then incubated for a further 3 days at 
room temperature, and again read off. The 
gentian violet plates were incubated in air 
for 48 hours. Secondary culture was carried 
out from tubes 6 and 7, if no growth was 
obtained on the primarily inoculated pla- 
tes. 

When reading off cultures from the air 
passages all suspected Staph. aureus, f- 


GUNNAR LAURELL AND TORE MELLBIN \ 


haemolytic Streptococci, Pneumococc., H, 
influenzae, and fungi were noted. The su spect the iv 
colonies were then examined as follows 

Staphylococci. The coagulase test was 
carried out, and all coagulase-positive sti ains, 
irrespective of pigment formation, were 
subsequently referred to as Staph. pyogenes, 
Most strains obtained at the first p-riod 
of investigation were phage-typed by Dr} No. of 
Goésta Wallmark, at the National Bacierio.| 
logical Laboratory, Stockholm. One B-haen 
and fifty-five strains obtained on the same __ Stre 
occasion were also tested for formation of) Pneu 
a-, B-, and d-lysin, using the technique faa 
worked out by Elek & Levy (2). 

Streptococci were tested on soluble hacmo-} 
lysin. Strains forming free haemolysin wer 
grouped and typed by Dr. Ingmar Jubhlin, 
at the Department of Bacteriology, Allmanna, Staph. 
Sjukhuset, Malmé. 

Pneumococci were typed by Neufeld’s cap.) ppeurr 
sular swelling reaction. Untypable Pneumo-| Haem¢ 
cocci were confirmed by means of optochin! Fungi 
(strip method). | 

H. influenzae were confirmed by means oi 


— 


) No. of 


the satellite phenomenon. strains 
Fungi. Isolated fungi were obtained in tratior 
pure culture, and typed in the usual manner resista 
by means of staining techniques, culture on 
spore substrate, and biochemical fermen- Se 
tation. 
The examination of the faeces included Tt 
~ 1e 
standard tests for Salmonella and Shigella 
organisms. Pathogenic E. coli were selected ii 
via Conradi Drigalski medium, and_ were Pa 
confirmed by standard serological tests. 
mined 
Staph. pyogenes were isolated from phenol Pacl 
eka 
mannite plates. 
form ¢ 


Sensitivity tests 


All strains of Staph. pyogenes recovere | at 
the first period of investigation were tested 
by the disk method (3). The limits betw een 
sensitivity and resistance were set as 
penicillin, 2 I.U./ml; erythromycin, 4 yg mi; 
streptomycin, 12 ug/ml; tetracyclines, 4 ug Sta, 
ml; chloramphenicol, 8 pg/ml; novobic ‘in. Pne 
16 pg/ml. In the description that folk ws, | 


20 20 
| 
| 
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©, A) Tagine 1. Children with positive throat and/or nasal culture at the various schools during 
U>Pecth the ivo periods of investigation (1957, after 7 weeks at school; 1958, beginning of term). 
Percentage incidence. 


was —— 
brains, Karesu- Lanna- Jukkas- Galli- Jokk- Arje- 
ne School ando vaara jarvi vare mokk plog Total 
were 
ones, 
period First period of investigation, 1957 
y Dr} No, of children 46 67 68 64 56 29 330 
‘*eTI0:) Staph. pyogenes 59 61 66 78 73 86 69 
ndred B-haemolytic 
same Streptococcus 2 8 10 36 23 28 17 
On of| Pneumococcus 15 18 24 33 68 48 33 
idee Haemophilus influenzae 0 0 7 20 13 0 8 
nique Fungi 7 8 10 13 13 14 10 
Second period of investigation, 1958 
were 
whlin,) NO of children 46 62 60 49 61 32 310 
viinna, Staph. pyogenes 74 84 78 61 70 91 76 
| B-haemolytic 
Streptococcus 4 3 0 2 2 6 3 
> CaP’) Pneumococcus 43 50 28 24 21 38 34 
um0-| Haemophilus influenzae 11 8 2 8 3 0 5 
ochin} Fungi 43 24 35 37 36 22 33 
| 
uns oO! 
strains that were inhibited by these concen- Results 


xd in trations are termed sensitive, and the rest 
anner resistant. 


Upper Respiratory Tract 


weirs Serological tests Staph. pyogenes 

Antistreptolysin titres (AST) were deter- 
mined chiefly as described by Ipsen (5). 
The results, however, are given in the man- Fig. 2 shows the incidence of Staph. 
ner proposed by Packalén & Bergqvist for 


men- 
Incidence 
uded 
iella 
pyogenes in throat and nose among the 


ected 
antistaphylolysin (ASta) determinations (6). 2 

oo fs slic { wit AS d (8) children at the various schools during the 

ests. Altistap ylolysin titres (ASta) were deter- 

sol. Mined in accordance with the directions of first period of investigation. The total 
Packalén & Bergqvist (6). percentage incidence of this organism in 
TaBLE 2. Percentage incidence of Staph. pyogenes, Pnewmococcus, and fungi among first- 
form children on starting school and after 7 weeks at school. The corresponding figures for 

the whole series, 1957 and 1958, are included for purposes of comparison. 

First form 1957 Total series 

; ie on starting after 7 weeks 

we school, at school, 1957 1958 

lows:f = Or zanism 55 children 55 children 330 children 310 children 

x'ml; 

M8 Stap . pyogenes 93 60 69 76 

cin, Pne: nococeus 31 40 33 34 


ws.| Fun 53 13 10 33 


a 
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TABLE 3. Staph. pyogenes. Phage patterns among 302 strains isolated from nose ani| 
throat during the first period of investigation. 


Phage group Phage pattern 


Total series after 
7 weeks at school, 
330 children 


First form on 
starting school, 
55 children 


II 3A 
3B/3C/55/71 


6/47/53 


6/47/54/75/819/1034 + 


Further 16 patterns 


42D + 


524 /79/53/73/819 
Further 2 patterns 


Untypable 
Total number of strains 


1 10 
0 2 
2 2 
0 21 
2 1 
36 
3 13 
6 15 
0 1 
0 3 
0 3 
6 46 
15 81 
0 4 
2 9 
0 3 
0 3 
4 3 
0 3 
5 19 
11 44 
1 1 
1 
0 4 
1 2 
1 6 
1 20 
0 
27 
32 41 
66 236 


the respiratory passages is illustrated in 
Table 1. Staph. pyogenes was isolated from 
69% of all the children, the local figures 
showing considerable variations (from 
59% in Karesuando to 86% in Arjeplog). 
The incidence of Staphylococci after the 
period of 7 weeks at school was thus lower 
in the more northerly schools than in 
those south. This difference is 


significant. 


farther 


Scrutiny of the figures for the incidence 
of Staphylococci among school starters 
(see Table 2), from whom swabs ‘vere 
taken both at the beginning of term and 
7 weeks later, reveals that 93% of t r¢€s¢ 
children had Staphylococci in the 
and/or throat the first occa: ion. 
whereas the corresponding figure <t / 


on 


) 


Lose 


weeks was 60%. Because the series 


small (55 children), it cannot be div ded 
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Fig. 3. Antistreptolysin (AST) and antistaphylo- 
(ASta) titres. Percentage distribution. 


lysin 
up into the respective school groups, but 
31 of the children that had Staphylococci 
at the beginning of term still had these 
organisms, 20 had lost them, and 2 that 
had previously been negative now, after 
7 weeks, had acquired them. Two children 
showed negative cultures on both oc- 
casions. 

At the 1958 examination (see Table 1) 
all specimens were taken at the beginning 
of term. The overall incidence of Staph. 
pyovenes was then 76%, and there was 
no -lear difference between the northern 


anc southern schools. 


Sey sitivity tests 

‘ together 364 strains were tested. The 
inc ience of strains resistant to most anti- 
bic es was extremely low, amounting to 
for erythromycin, chlortetracycline, 


ox etracycline, tetracycline, and chlor- 
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amphenicol, and to 1.1% for strepto- 
mycin. The incidence of strains resistant 
to penicillin was 7.9%, and to novobiocin 
5.5%. The figure concerning novobiocin 
is noteworthy, especially as it was found 
that 29% of the Staphylococci strains 
isolated from the school starters at the 
beginning of term were resistant to this 


substance. 


Phage typing 

A total of 302 strains were examined, 
66 from children in the first form at the 
beginning of term, and 236 from all children 
7 weeks after the beginning of term. The 
results are shown in Table 3. Phage typing 
was on the whole successful, especially in 
the case of strains isolated 7 weeks after 
the commencement of term. Of these latter 
236, only 41 proved to be untypable, 
whereas the corresponding figures for the 
first-form children at the beginning of 
term were 32 out of 66 strains, i.e. 48%. 
After 7 weeks at school 32 strains of Staph. 
pyogenes were isolated from the first- 
formers, and of these only three (9 %) were 
untypable. The typable strains were chiefly 
referable to groups I, II, and III, with 
nearly twice as many in group II as in 
any of the other three groups. It is 
particularly interesting that no fewer than 
52 strains belonged to phage type 71. 
Apart from the higher incidence of un- 
typable strains, there were no differences 
concerning distribution between strains 
isolated at the beginning of term (school- 
starters) and those isolated 7 weeks later 
(whole series). 


Haemolysin pattern 
Altogether 155 strains of Staphylococci 
were examined, and the results are given 


| 
| 
— 
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TaBLE 4. Staph. pyogenes. Haemolysin pattern for 155 strains isolated during the ‘irst| 


period of investigation. 
Elek & Levy 
percentage 
Haemolysin Number of Percentage distribution 
pattern strains distribution of 200 strains 
a Bo 26 17 \ 11 
BS 2 1478 ) 
oa) 105 68 82 
% 9 6 3 ) 
6 13 8 4 
Total 155 100 100 


in Table 4. It is of interest that 18% 
showed /-haemolysis, which is more than 
what is usually found in Staphylococci 
isolated from man. 


Antistaphylolysin (ASta) determinations 

Serological examination (see Fig. 3 and 
Table 5) disclosed no important incidence 
of raised ASta titres. The titre in no fewer 
than 92% was 1.4 U. or less. Concerning 
the raised titres, 7 % of the children had 
titres between 1.4 and 2.8 U., and only 
0.9% exceeded 2.8 U. There no 
significant difference between the various 
schools, or between the age groups. The 
mean value for the series was 0.85 U. 
(limits 0.74 U. in Jokkmokk and 0.98 U. 
in Karesuando). 


was 


f-haemolytic Streptococci 


Incidence ) 

During the first period of investigation, 
Streptococci were isolated from 57 children 
(17%). As can be seen from Fig. 2 and, 
Table 1, the variations were fairly great. | 
In the two northernmost schools these 
organisms were isolated in only 2% and’ 
8% of children, respectively, whereas the 
incidence in Gallivare was 36 % and in the 
two southernmost schools 23 % and 28 %. 
They were chiefly isolated from the throat, 
but nasal carriers were also found. The, 
incidence of the organism among school 
starters at the beginning of term was { %. 
During the second period of investigation 
the overall incidence of /-haemolytic 
Streptococci was only 3%, with isolated 
cases in five of the six schools. 


TABLE 5. Antistaphylolysin and antistreptolysin titres. Mean values at the 
different schools. 


Karesu- Lanna-  Jukkas- Galli- Jokk- Arje- 
School ando vaara jarvi vare mokk plog T» tal 
No. of children 46 67 68 64 56 29 30 
Antistaphylolysin 
(ASta), mean titres 0.98 0.83 0.90 0.84 0.74 0.83 0.35 
Antistreptolysin 
(AST), mean titres 348 375 484 395 268 199 i4 
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Typing 

The results can be seen in Table 6. 
Typing could be carried out satisfactorily, 
and most of the strains belonged to 
Lancefield’s group A. Other groups were 
represented by only a few strains. Type 
9 was commonest (19 strains), followed 


TaBLE 6. Streptococcus. T'ype-distribution 
among 69 strains isolated from nose and 
throat during the first period of investigation. 


First form on Total series after 
starting school, 7 weeks at school, 


Type 55 children 330 children 

Group A 

6 0 8 

9 1 18 

10 0 8 

12 1 3 

16 0 2 

21 1 5 

27 0 1 

28 0 2 

Group B 0 1 

Group E 0 1 

Group F 0 2 

Group G ] 1 

Group L 0 2 

Untypable 0 8 

Not typed 1 2 

Total no. of strains 5 64 


by types 6 and 10. It is of interest that 
four strains belonged to type 12, a type 
ascribed importance in connexion with 
nephritis. 


Antistreptolysin (AST) determinations 


The results of serological analysis are 
eted in Fig. 3 and Table 5. A sur- 
ngly large number of high titres were 
not d, no fewer than 26 % exceeding 400 U. 
‘ve were fairly large variations between 

chools, with significantly lower mean 
va es for the 85 children from the two 
soi hernmost schools despite the higher 
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incidence of Streptococci at these. If the 
titres are arranged according to age groups, 
it is found that the mean titres increase 
over the three lowest forms (286, 329, 367), 
and then remain roughly constant at the 
high mean level of 398. No correlation 
between these figures and the current 
incidence of #-haemolytic Streptococci 
could be established. 

The AST values for 54 school-starters 
were rather higher at the beginning of 
term (mean 310) than after 7 weeks at 
school (mean 286). After this period the 
titres for 30 children had fallen, 13 were 
unchanged, and 11 had increased. 


Pneumococci 
Incidence 

The incidence of Pneumococci during 
the first period of investigation was 33% 
(see Fig. 2 and Table 1). Here again there 
were considerable variations between the 
schools, the two northernmost showing 
the lowest values (15% and 18%, respec- 
tively), and the two southernmost showing 
the highest figures (68% and 48%, 
respectively). At the beginning of term 
Pneumococci were present in 31% of the 
school starters, and 7 weeks later in 40% 
(see Table 2). 

During the second period of investi- 
gation the incidence was 34%, the varia- 
tions from school to school were less, and 
no statistical difference could be found 
between the northernmost and southern- 
most schools. 


Typing 

Typing of Pneumococci was carried out. 
during the first period of investigation, 
and here again most strains were typable 
(only 5% proved to be untypable). No 
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predominating type was noted. Type 19 
was commonest, followed by types 23, 18, 
and 39. 

The typability was poorer among strains 
isolated from school starters at the begin- 
ning of term. Of 17 strains it was possible 
to type only nine (53%), whereas all 
strains isolated from the same children 7 
weeks later were typable. 


Haemophilus influenzae 
Incidence 


This organism was isolated during the 
first period of investigation in 8% of all 
children (see Fig. 2 and Table 1). The 
variations great, several 
schools H. influenzae was not present at all. 
On the second occasion the overall inci- 


were and in 


dence was 5%, and again the variations 
were great. Typing was not undertaken. 


Fungi 
Incidence 


During the first period of investigation 
fungi were isolated from 10% of the 
children after 7 weeks at school (see Table 
1). The incidence was lowest in Karesu- 
ando, and increased southwards to a maxi- 
mum of 14% (Arjeplog). Specimens taken 
from school starters at the beginning of 
term (see Table 2) showed that 53% of 
the children then had fungi in throat and/ 
or nose, whereas the incidence of these 
organisms in the same children 7 weeks 
later was 13%, an incidence of the same 
order of magnitude as that for «he larger 
series. This difference is highly significant. 

During the second period of investiga- 
tion the incidence of fungi was 33 %, with 
fairly even distribution between the vari- 
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ous schools and age groups (except for 
Forms | and 2, in which the figures \ ere} 
50% and 40 %, respectively). 


Typing 

During the first period of investiga‘ ion 
typing of 60 strains was carried out. Of 
these 43 were Candida albicans, 6 Ceo. } 
trichum, 4 Torulosis, 3 Trichosporon, | 
2 non-pathogenic Cryptococcus, 1 Cana ida 
parakrusei, and 1 Rhodotorula. 


} 


Faeces Culture ) 


Incidence of organisms 


No Salmonella or Shigella bacteria were 
isolated, but Staph. pyogenes and patho- | 
genic E. coli were present. The findings 
are collected in Table 7. Staph. pyogens| 
was isolated in 41 cases, i.e. 12 %, and was 
commonest in Jokkmokk. Pathogenic E.’ 
coli were isolated in eight cases. In five 
of these the strain was 0111 B4, and the 
remaining three were 0125 B15; 0126 BI6; 
and 0112a, 0112c. 


Transport Medium 


Having regard to the special interest 
attached to an improved transport. 
dium, a new substrate previously used 
chiefly for Gonococci was tried, first 
tentatively and during the second period 
of investigation to a greater extent. "he 
results are shown in Table 8. As can be 
seen, the medium offers certain advante zes 
in the case of the most sensitive organis ns, 
namely Haemophilus influenzae. No } ar- 
ticular advantages were apparent with 
regard to other bacteria. It is worthy of 
note that fungi were isolated more t! an 
twice as often with ordinary agar tu es 
as when the special substrate was usec as 
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TABLE 7. Faeces culture. Distribution of positive cultures among the various schools. 


Karesu- Lanna- Jukkas- Galli- Jokk- Arje- 
School ando vaara jarvi vare mokk plog Total 
No. of children 46 67 68 64 56 29 330 
Staph. pyogenes 6 9 1 6 16 3 41 
Pathogenic E. coli 0 1 2 0 1 8 
transport medium. The same trend was _ of Staphylococci is greater among children 


apparent, though less markedly, in the 


case of Staph. pyogenes. 


Discussion 


The incidence of Staph. pyogenes was 
surprisingly high during both periods of 
investigation, viz. 69 and 76 %, respec- 
tively; and an incidence of as much as 
93%, is recorded for the school starters. 
As a rule the incidence of Staphylococci 
outside hospital is about 40%, and in 
1954 among the natives of New Guinea 
it was only 19%. 

Striking too is the fact that the incidence 


arriving at school from the isolated home 
environment than after 7 weeks’ life at 
school in close contact with other children 
in classrooms and dormitories. The high 
incidence in these children at the begin- 
ning of term may be connected with their 
proximity at home to domestic animals, 
from which these organisms may originate. 
When they leave the home environment, 
the incidence of Staphylococci falls. 

On phage-typing it was found that 48 % 
of the school-starters’ Staphylococci at 
the beginning of term were untypable, 
whereas the corresponding figure after 7 
weeks was only 9%. This would support 


TanLe 8. Distribution of positive and negative cultures of the organisms concerned, using 


different media. 


First period of 
investigation 


Second period of 
investigation 


Throat Nose and throat 

Organism Culture Agar Special Agar Special 
Ste oh. pyogenes Negative 2 20 20 125 
Positive 58 40 325 220 
xemolytie Negative 1 4 3 
reptococcus Positive 9 14 5) 6 
Pi, imococecus Negative 2 50 42 
Positive 7 4 67 75 
H: mophilus influenzae Negative 5 0 12 3 
Positive 0 5 9 18 
Fu gi Negative 0 9 1 61 
Positive 10 ] 95 46 
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the theory that the Staphylococci originate 
from domestic animals. 

It is of interest that many of the strains 
belonged to phage-type 71, a type de- 
scribed as particularly common in im- 
petigo among children. Oddly enough, it 
is not especially common in the respiratory 
passages of children with this infection. 
There was no case of impetigo among 
the children that were carriers of this 
phage-type. 

The incidence of §-haemolysis among the 
isolated Staphylococci was 18%, which 
is higher than that usually noted in Sta- 
phylococci isolated from man; /-haemo- 
lysis is commoner among Staphylococci 
from animals, on the other hand (2). 

Despite the high incidence of Staph. 
pyogenes, the antistaphylolysin titres were 
within normal limits in 92 % of the child- 
ren, and only 0.9% showed undoubtedly 
raised titres. The ASta titres were of the 
same order of magnitude at the beginning 
of term and 7 weeks later in the school- 
starters. 

The organisms showed marked sensi- 
tivity to most of the antibiotics tested. 
Of the strains 7.9% 


penicillin, and the incidence of strains 


were resistant to 


resistant to novobiocin was 5.5%. The 
high figure for penicillin may be due to 
previous treatment with this substance: it 
is known that a resistant strain may per- 
sist long after it first invaded the respir- 
atory passages. The novobiocin-resistant 
strains are not so easily explained, since 
this antibiotic has with absolute certainty 
never been used among this population. 
There may be some connexion with the 
fact that these Staphylococci to some 
extent originated from animals. It is not 
known whether animal Staphylococci have 
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a naturally higher resistance to novobio: in, 
but the fact that 29% of the strains 
isolated from the school-starters at he 
beginning of term were resistant to 
novobiocin would be in favour of this. 
Whereas the incidence of Staphylococci 
during the second period of investigation 
(at the beginning of term) was fairly even 
at the various schools, it is found that } 
during the first period of investigation, 
which took place 7 weeks after the begin- 
ning of term, the incidence increased the 
farther south the school was situated. As } 
mentioned in the introductory paragraphs, 
the more southerly schools are 
isolated from the sedentary population | 
than are those in the north. The higher 
incidence of Staphylococci in the more | 
southerly districts may therefore be due} 


less ) 


to closer contact with carriers from outside | 
the schools. 

The incidence of /-haemolytic Strepto- 
cocct during the first period of investiga- 
tion varied greatly from one school to 
another. The reason for this is probably 
cross infection among the children during | 
the 7 weeks they had been resident at 
school before the swabs were taken. The 
lower incidence at the beginning of term, 
both among school-starters during the 
first period of investigation and in the total 
series during the second (9% and 3%, 
respectively), would support this assum p- 
tion. Whether the spread within the 
groups may be explained by the preser ce 
of carriers among the children themsel\ es 
or by infection from members of the sed n- 
tary population it is impossible to s:y, 
but it is a fact that the incidence of 
Streptococci is much lower in the northe:n, 
more isolated schools. 


Typing yielded nothing of spec ak | 
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Second period of inves- 
__ tigation. 
Beginning of term. 


st period of investi-] 

gation 
7th week of term. | ‘h ‘h 
— 


0 80 
= 
| +40 404 
| 
Nose 20 
| 
0 0 
| 
| Throat 
204 
40 404 


ae 


torr sala] School Toral [su] G [so] a 


Fig. 4. Percentage incidence of infection with 
one or more of the pathogens demonstrated 
during the two periods of investigation. Schools: 


K.= Karesuando, L. =Lannavaara, Ju.= Juk- 
kasjirvi, G.=Gallivare, Jo.=Jokkmokk, A.= 
Arjeplog. 


interest, apart from the fact that four 
strains belonged to type 12. This is 
regarded as particularly liable to cause 
nephritis, but no clinical signs of this 
condition or of rheumatic infection were 
seen. 

It is difficult to find a satisfactory ex- 
planation for the unexpectedly high anti- 
streptolysin titres, which exceeded 400 U. 
in 26% of cases. The rise in titre with 
increasing age is in accordance with the 
findings in earlier investigations. The high 
titres among the children from the more 
northerly schools may possibly be due to 
the lower social standard prevailing in 
those districts. Owing in part to the poor 
hou-ing conditions, respiratory infections 
are common, especially during winter, 
bef re the children even start school and 
in» hool holidays. 


Pneumococci were com- 


/ “eumococci. 
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mon, and were isolated to the same 
extent during both periods of investiga- 
tion. As in the case of Staphylococci, the 
incidence was higher in the more southerly 
schools at the first examination, but on 
the second occasion the distribution was 
evener. The typability appeared to be 
poorer among the strains introduced into 
the environment by the children themsel- 
ves than among those isolated 7 weeks 
after the beginning of term. 

The incidence of Haemophilus influenzae 
was low on both occasions, and varied 
greatly from school to school. No con- 
clusions can be drawn from the figures 
available. It is, however, of interest to 
note that it was at all possible to isolate 
these comparatively sensitive organisms 
in spite of the long time that elapsed 
between sampling and culture. 

The influence of carriers of infection 
among the sedentary population upon the 
children residing in boarding schools is 
indicated in Fig. 4. The percentage inci- 
dence of infection with one or more of the 
pathogens demonstrated in nose and throat 
after 7 weeks at school shows an obvious 
increase from north to which 
clearly reflects the degree of contact 
between the school-children and the rest 
of the population. For purposes of com- 


south, 


parison, the corresponding figures for 
the second period of investigation are 
included. At that time the children had 
just returned from a stay of about 3 
months’ duration in the mountains. The 
high overall incidence of bacteria on this 
occasion is explained by the higher in- 
cidence of Staphylococci among the child- 
ren at the beginning of term (see Table 1). 

The incidence of fungi in swabs taken 
immediately on the children’s arrival at 


| | | 

| 
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school was remarkably high. The results 
of both periods of investigation are in this 
respect equal: 53% of the school-starters 
on the first occasion and 50 % of the first- 
formers during the second period of in- 
vestigation were carriers of fungi. The 
incidence was highest among the youngest 
children, but even the older ones showed 
an incidence of 29% at the beginning of 
term. This high incidence fell for the 
school-starters during the next 7 weeks 
to 13%. As with the Staphylococci, the 
most obvious explanation would be that 
the fungi originated from domestic ani- 
mals at home, and disappeared after the 
contact with these ended. 

Examination of the faeces revealed a 
higher incidence of both Staph. pyogenes 
and pathogenic £. coli than is usual in a 
normal The high incidence of 
Staphylococci is probably connected with 
the abundance of these organisms in the 
respiratory tract. No child had diarrhoea 
at the time of sampling. 

The special substrate that was tried 
appeared to offer advantages with regard 
to the isolation of H. influenzae. These 
bacteria were recovered in very much 
greater numbers during both periods of 
investigation from this substrate than from 
the standard media. In the case of other 
organisms, especially Staphylococci, the 


series. 


result was the reverse. 


Summary 


The incidence of bacteria in the respira- 
tory passages and gut of Lapp children 
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attending the six nomad schools in the, 
County of Norrbotten, Sweden, was in. 
vestigated during 1957 ind 
autumn 1958. ) 

The incidence of Staph. pyogenes, »\0s- 
sibly to some extent originating fom 
domestic animals, was high, particulerly| 3, 
on the arrival of the children at the} 
schools. This was also true of fungi. ‘lhe 
Staphylococci were highly sensitive to 
most of the antibiotics against which thiey ! 


autumn 


were tested. 

The antistaphylolysin titres (ASta) were 
almost always within normal limits, only 
0.9% of the children showing titres over} 
2.8 U. 

f-haemolytic Streptococci were present 
in more of the children after 7 weeks at 
school than at the beginning of term. This} 
would indicate cross-infection. 

The antistreptolysin titres (AST) were. 
remarkably high, 26% of the children 
showing values exceeding 400 U. 

The incidence of Pneumococci and H. 
influenzae varied greatly from one school 


Subn 
Accey 


to another. 

The overall incidence of bacteria after 
7 weeks at school was higher in the more 
southerly schools, which might be due to 
infection from the sedentary population. 

Faeces culture resulted in fairly abun- 
dant growth of Staph. pyogenes, and 
pathogenic coli were isolated in eivht 
cases. 

A new transport medium was tr'ed. 
This gave enhanced results with UH. 
influenzae, but less prolific growth of 
Staph. pyogenes and fungi. 
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Immune Electrophoretic Studies of Bovine Milk and Milk Products|) 2m 


by LARS A. HANSON and I. MANSSON 


A large number of antigenic substances 
have been demonstrated in bovine milk 
by means of immune electrophoresis (5, 
6, 8). 
factors are related to blood serum pro- 
teins, among others to the albumin and 


Some 10-15 of these antigenic 


the y-globulin. Several of the specific 
milk proteins have been identified with 
chemically characterized proteins such 
as a-lactalbumin, f-lactoglobulin, casein 
The 
techniques provide a more descriptive 


and red_ protein. immunological 
and complete picture of the milk proteins 
than does, for example, simple electro- 
phoresis. For this reason we have used the 
immune electrophoretic technique to study 
the changes of the proteins which may be 
induced by various methods employed in 
the commercial preparation of milk and 
milk products. The possibility of using this 
immunological method for the analysis of 
milk allergies is also taken into considera- 


tion. 


Material 
Antigens 


Bovine colostrum taken two hours after 
parturition was used as well as mature milk 
taken more than three weeks after parturi- 
tion. Merthiolate was added to a concentra- 
tion of 1/10,000. These materials were also 


tified: 


} 


examined after heat-treatment for 15 minu- 
tes at 55°, 60°, 65°, 70°, 75°, 80°, 85°, 90°, 95°, 
100° and 120°C. Mature milk was analyzed 
after being subjected to the following pas. 
teurization procedures: 63°C for 30 minutes, 
75°C for 19 seconds and 90°C for 120 se-| 
conds. 

Dried milk prepared by various methods!) 
(spray-dried, single and double drum-dried 


) 


was examined as well as samples of commer-| _ 
cially available baby-food products? contain-} 
ing milk, spray-dried after pre-heating to oa 
84°C. A commercial preparation of bovine 
milk advertized as “non-allergenic” and 
intended to be given to infants hypersensitive 
to bovine milk? was also tested. For the ana- 
lyses the milk powders were dissolved in the 
phosphate buffer (pH 8.4) used for the! 
electrophoresis. 


Immune sera 


Anti-colostrum immune sera were prepiired x 
in rabbits by weekly injections of 2 m! of 
colostrum for 4 weeks. After this time they 
were bled. Other bleedings were taken one 
week after subsequent booster doses. Com- 
parison of immune electrophoretic anal 'ses 
of milk with the anti-colostrum sera ind 
with anti-mature milk immune sera sho ved 
mainly identical spectra. The anti-colost um 


sera, 
preci} 
preta 
such 
inves 


1 Kindly supplied by Eng. Thorsell, VMC, V 
nersborg (Sweden). TI 
2 “Semper Valling’” and “Baby Seip” 


immi 

kindly supplied by SMP, Stockholm (Swec en). ci 

3 “Allergilac’’, Cow-laec Ltd., London (} ng: 


land). 
31 —¢ 
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of BOVINE COLOSTRUM 


15 16 121413 1198 10 76 3142 


anti- BOVINE COLOSTRUM 


1 Fig. iv. Diagrammatic representation of an immune electrophoretic analysis of bovine colo- 
UCTS} tram by means of anti-colostrum immune serum. The following precipitation lines are iden- 
tified: 2 and 3, casein; 4, B-lactoglobulin; 5, serum albumin; 7, «-lactalbumin; 8, red protein 


and 12 immune globulin component. 


minu- 
aly zed| 
o pas: Fig. 1b. Photograph of the analysis drawn in Fig. la. 
nutes, 
20 se-| TABLE 1. The heat-stability of bovine colostrum proteins as determined by 
immune electrophoresis. 
thods! 
cea + indicates presence of line; (+ ) indicates presence of fuzzy line. 
nmoer- or (see Fi 
tain.) ime Temp. Line number (see Fig. | a) 
min. °C 10 1] 12 13 14 15 16* 
g to 
OVINE 
1S 65 + + + + + + + 4 + + + + 
ened Ee 70 + + + 4 + + (+) + (+) (4) + 
Pana 15 75 + (+) + + 
in the 15 80 
r the! 15 85 + + (+) + (+) + ao 
15 90 t + (+) + (+) (+) + 
15 95 + + (4) (+) 
15 100 (+) 
15 120 
“a red * Lines 1 and 16 are seen only inconsistently in the colostrum—anti-colostrum spectra. 
of 
they 
n one Sera, |towever, gave rise to more distinct Results 


Com- Precipitates permitting more ready inter- 
ilses Pretation of these spectra. Therefore, only 
ind Such “mmune sera were used in the present 


Immune electrophoretic analysis of 
bovine colostrum by means of anti- 


coved Ives‘ ‘zation. colostrum immune serum showed a spec- 
t um trum of at least 16 precipitates. Their 
Method shape and localization are shown in Figs. 
la and 1b. Some of these precipitates have 
Th: analyses were performed with the 
been identified with known milk and blood 
scan), electrophoretic method of Grabar & 
(i ng- Willi: as (3, 4) in the modifications described S€rum proteins (6, 8) as indicated in Fig. 
by W dsworth & Hanson (15). la. The heat-sensitivity of the proteins 
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Fig. 2. Photograph of an 


corresponding to the immunoprecipitates 
is illustrated by the results of the immune 
electrophoretic analyses listed in Table 1. 
It may be seen that exposure to heat for 
15 minutes resulted in little change in the 
antigenic reactivity until the level of 70°- 
75°C was employed. At this temperature 
the major immune globulin component 
among others was affected (line no. 12). 
Line no. 15 in the immune globulin region 
persisted, however, even after exposure 
to 100°C. The heat resistance of casein 
(nos. 2 and 3), «-lactalbumin (no. 7) and 
B-lactoglobulin (no. 4) was notable. After 
treatment at 120°C only the casein pre- 
cipitates were obtained (Fig. 2). 

Immune electrophoretic analyses of 
mature milk showed a spectrum consisting 
of 12 precipitation lines (Fig. 3). Some of 
these were designated since they were 
identifiable with known milk proteins. 
Nine of them identified with precipitates 
in the colostrum spectrum and were given 
the same numbers as used in that spect- 
rum (Fig. la). One precipitate was seen 
only inconsistently and was not included 
in this report, while two others in the im- 
mune globulin region could not with cer- 
tainty be identified with the corresponding 
precipitates in the colostrum spectrum; 
they were therefore given separate num- 
bers (nos. 17 and 18) in Fig. 3. All of these 
precipitation lines were still seen after 
heating the milk to 70°C for 15 minutes 
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immune electrophoretic analysis of colostrum heated to 120° fo 
15 minutes. Immune serum: anti-colostrum. Only the casein precipitates (nos. 2 and 3) are seen, 
Anode to the right. 


BOVINE 


MATURE MILK 


anti-BOVINE COLOSTRUM 


Fig. 3. Diagrammatic representation of an im. 
mune electrophoretic analysis of bovine matur 
milk by means of anti-colostrum immune serum 
The numbers indicate the same precipitates as! 
in the colostrum spectrum (Fig. 1a). Precipitates 
numbered 17 and 18 have not with certainty; 
been identified with the corresponding precipita- 
tes in the colostrum spectrum. Anode to the 
right. 


} 
(Table 2); however, a temperature of 
75°C changed the immune globulin com- 
ponent, which gave rise to the dense 
precipitate found in this region (no. 12). 
The serum albumin line in the mature 
milk spectrum was still apparent as a 
fuzzy precipitate even after exposure of 
the milk to 100°C. In colostrum no such 
precipitate was seen after heating to 
75°C. With the exception of this precipi- 
tate similar results were noted for colos- 
trum and mature milk after exposure to. 
100° and 120°C. As can be seen in Fig. 4, 
milk was also analyzed after pasteuriza- 
tion by different methods: heating to 
64°C for 30 minutes, 75°C for 19 seccnds 
and 90°C for 120 seconds. It was quite 
evident that heating to 64°C for 30 min ites 
caused only minor changes of the prot ins 
while the higher temperatures had a more | 
deleterious effect (Table 2). 
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BOVINE MATURE MILK: 64°C 30 min 


anti 


-BOVINE COLOSTRUM 


BOVINE MATURE MILK: 75°C 19 sec 


anti - 


BOVINE COLOSTRUM 


BOVINE MATURE MILK: 90°C 120 sec 


anti - 


BOVINE COLOSTRUM 


SPRAY-DRIED MILK 


anti- BOVINE COLOSTRUM 


Fig. 4. Diagrammatic representations of immune electrophoretic analyses of pasteurized and 
spray-dried milk by means of anti-colostrum serum. 


The analyses of dried milk showed that 
spray-drying (Fig. 4) was somewhat less 
harmful to the proteins than was drum- 
drying (Table 2). After double drum- 
drying the same degree of denaturation 
of the 
baby-food products examined (Table 2). 

The “non-allergenic” milk product for 


milk proteins was seen as for the 


children hypersensitive to milk showed 
retained antigenicity of the substances 
forming the casein, the «-lactalbumin and 
lines 
(Table 2), 


Discussion 


Since the beginning of this century 
several investigators have studied and 
discvssed the effect of heat on bovine 
milk proteins on the basis of results ob- 
tainc | with various immunological techni- 
ques (10, 11, 12 and others). Electropho- 


retic techniques have also been applied in 
such studies (2, 9, 14). With the afore- 
mentioned methods it has only been pos- 
sible to study a few fractions of milk or 
isolated proteins. By means of immune 
electrophoresis a descriptive and more 
complete picture is obtained of the changes 
of the milk proteins. In addition it is un- 
necessary to work with isolated purified 
substances, since each substance may be 
analyzed individually as a separate pre- 
cipitate in the immune electrophoretic 
spectrum. This is also advantageous, as 
different heat-sensitivities have been ob- 
served for isolated milk proteins and for 
these same proteins in whole milk (9, 10). 
The actual experiments were planned to 
illustrate the changes detectable in proces- 
sing milk. It was demonstrated that 
casein resisted 120°C and that «-lactal- 
bumin and f-lactoglobulin were still 
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TABLE 2. The heat-stability of bovine mature milk and milk products as determined by 
immune electrophoresis. 


+ indicates presence of line; (+) indicates presence of fuzzy line. 


Line number (see Figs. 1 a and 3) 


Time Temp. 
15 60 + + + + + + + 
15 70 + + + + + + + 
15 6 + + + + 
15 80 = + + + 
15 90 + + + + (+) + + + 
15 9 + + + + (4) + + ~ 
15 100 + + + (+) + + 
15 120 4 
30 64 + + + + + + + (+ ) > - 
120 sec. 90 t+ + + + (+) + + 
Spray-dried milk = + (+) + (+) (+) + 
Baby food products: 
Baby Semp + ) + + 


Allergilac 


antigenic after heating to 100°C for at 
least 15 minutes, whereas the major im- 
mune globulin component, as well as some 
other proteins, were destroyed by heating 
to 70-80°C for the same length of time 
(Tables 1 and 2). When judging the results 
obtained it should be noted, however, 
that it is not clear how the destruction of 
antigenicity is related to the physico- 
chemical changes of the proteins. Further- 
more the technique employed is very 
sensitive and thus minimal amounts of 
antigenic material can be demonstrated, 
and visible precipitation lines may be for- 
med by proteins present in very low quan- 
tity. Thus, if only a small amount of a 
substance has remained unchanged after 
treatment, it may still give rise to a pre- 
cipitation line. It is unlikely that this con- 


dition should not be observed, as in such 
a case the line should form further from 
the immune serum basin owing to the 
reduced quantity of antigen. Sometimes 


the line will appear fuzzy and out of | 


balance since optimal proportions may 


not be attained. Preparations heated at 
somewhat lower temperatures than the ene 
at which antigenicity of the protein was 
destroyed often contained the prot:in 
with such a reactivity that a fuzzy and 'Il- 
defined precipitate was formed (indica ed 
by (+) in Tables 1 and 2). 

Comparison of the results obtained w th 
colostrum and mature milk showed tat 
the heat-sensitivity of some proteins yas 
different in the two fluids (cf. line 5, 
serum albumin, and line 6 in Tables 1 ¢ nd 
2). This may be explained by the afc ‘e- 
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mentioned difference in milieu giving rise 
to-.chdifferencesin the heat-sensitivity(9). 
Several other substances showed similar 
reactivity. The heat-stability of casein in 
both colostrum and mature milk was 
especially notable as the casein precipita- 
tes remained quite unchanged after heating 
the fluids to 120° for 15 minutes. 

The immune electrophoretic patterns 
indicated that the heat effect of the pas- 
teurization at 64°C for 30 minutes was 
less drastic to the milk proteins than 
pasteurizations at 75°C for 19 seconds and 
at 90°C for 120 seconds. In the same way 
it was found that the proteins of spray- 
dried milk were somewhat less affected 
than those of drum-dried milk. 

It was possible to analyze milk pro- 
teins in food products with the immune 
electrophoretic technique. These products 
were made of pasteurized pre-heated and 
spray-dried milk and the findings agreed 
with the changes that were obtained after 
heating of milk to corresponding tem- 
peratures. Immune electrophoresis may 
be a method of controlling the exi- 
stence of milk proteins in different pro- 
ducts and of determining the degree of 
denaturation of these proteins. It has 
recently been found that falsification of 
bovine blood plasma by addition of casein 
can easily be detected using anti-milk sera 
(7) 

\ sample of a milk product reported to 
be suitable for infants hypersensitive to 
mil< (‘‘Allergilac’’) was also analyzed. It 
was found that the «-lactalbumin, /- 
lac oglobulin and casein had _ retained 
ther antigenicity. These proteins have 
he‘ 1 demonstrated to be allergenic (13 
anc others). It may be important to 
rea ize, however, that the antigenicity of a 
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substance as shown with antibodies from 
a hyperimmunized animal is not neces- 
sarily indicative of the allergenic proper- 
ties of the substance. The use of such 
hyperimmune sera to analyze allergens by 
diffusion-in-gel methods has been criti- 
cized from this point of view (1). It should 
be mentioned, though, that antibodies 
against bovine milk have been demon- 
strated by diffusion-in-gel methods in 
some sera from children hypersensitive to 
milk (7), and it is possible that compara- 
tive analyses of these human sera and the 
hyperimmune sera might give more in- 
formation about the antibodies detectable 
in human sera and the allergenicity of 
bovine milk proteins. 


Summary 


With immune electrophoretic analysis 
a descriptive and illustrative picture is 
obtained of the changes of the milk 
proteins due to heat. It is apparent that 
casein resists a temperature of 120°C 
and that «-lactalbumin and_ -lacto- 
globulin are still antigenic after heating 
to 100°C for at least 15 minutes, whereas 
the major immune globulin component as 
well as a few other proteins are destroyed 
after heating to 70-80°C for 15 minutes 
(Tables 1 and 2). The investigation con- 
cerns colostrum, mature milk, milk pas- 
teurized by various methods, dried milk, 
some commercial baby food products and 
a sample of a milk product advertized as 
non-allergenic. The possible application 
of the reported results to the study of 
cow milk allergies is discussed. 
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ACTH-Induced Thymic Atrophy 


Cinder. by STIG-IVAR BJORKLUND 


na phy- 
Orig.: 
sche, | 12 Toentgen examination of the thorax 
hr, 14: fin children one occasionally finds either a 
hvac. | diffuse, poorly delineated widening of the 
muno. | mediastinum so that the contours of the 
r bs heart and big vessels cannot be definitely 
ld, 49: | determined or a fairly well circumscribed 
=" tissue mass, the nature of which is some- 
aller. | times obscure. Most often this mediastinal 
— | widening, whether diffuse or more distinct 
ediat- is composed of thymic tissue. Indeed, this 
ktro. mediastinal image may have such an ap- 
sinen. pearance that a tumor or malformation 
risie- cannot be excluded. The size and position 


mit 
Zilch. of the thymus varies considerably in 


In order to determine the nature of the 
mediastinal widening and to increase the 
diagnostic acumen regarding the mediasti- 
num, one can make use of the thymolytic 
effect of adrenocorticosteroids. Soffer et al. 
(2) administered ACTH to 5 patients 
with an enlarged thymus and in all ob- 
tained a shrinkage of the thymus. Caffey & 
di Liberti (1) have recently reported a 
similar investigation. “In 7 of 8 cases in 
which idiopathic widening of the media- 
stinum was discovered by chance in ran- 
dom roentgenograms, the oral administra- 
tion of adrenocorticosteroids caused rapid 


Com. |» “hildren. shrinkage of the mediastinal image. In 
‘om- 
nodi- 
ique. TABLE 1. Thirteen cases of mediastinal widening treated with ACTH. 
1960. 
Acton Prolongatun 1.U 
re Case Age in daily total § Thymolytic 
) no. months dose dose effect Remarks 
1 6 6 18 0 Regular ACTH 
2 3 10 70 + 
3 3 10 60 + 3 weeks later 
thymic regrowth 
4 5) 10 60 + 2 weeks later 
thymic regrowth 
5 3 10 30 + 
6 8 10 70 + 
i 36 15 60 0 Ganglioneuroma 
8 2 12.5 75 + 
9 1 5 45 + 
10 18 15 75 + 
11 2 10 60 + 
12 2 10 60 + 
13 2 5) 40 + 


Fig. 1. 


the eighth case the widened mediastinal 
image remained unchanged after steroid 
treatment.” 

Since 1952 we have administered ACTH 
to hospitalized patients with widening of 
the mediastinum of obscure etiology in 
order to achieve shrinkage of a large 
thymic tissue. The cases are presented in 


Table 1 and Figs. 1-7. 


Fig. 2. 


Case 2. After administration of ACTH the widening shown in Fig. 


STIG-IVAR BJORKLUND 


Case 2. Note the tumorous mass of the upper right part of the mediastinum. { 


Results and Discussion 


In 11 of the 13 cases the mediastina 
widening, which was discovered by chanc 
during roentgen examinations, decreased 
after the administration of ACTH. We 
have interpreted this shrinkage as due to’ 
atrophy of the thymus on ACTH admini- 
stration. In Case 1 ACTH did not have an\ 


1 has disappea ed. 
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Fig. 3. Case 4. ‘Widening of the mediastinum” 
effect. The mediastinal widening can, 
however, have been composed of thymic 
tissue because the patient received, ac- 
cording to our present understanding, 
entirely too small a dose of ACTH for 
entirely too short a period. In Case 7 the 
sharply delimited formation did not de- 
crease at all; the subsequent operation 


does not permit diagnosis of the heart or big vessels. 


disclosed that it was composed of a 
ganglioneuroma. None of the patients 
exhibited any undesirable reactions. 

In Cases 3 and 4 renewed roentgen exa- 
mination revealed that the decrease in the 
width of the mediastinum which was ob- 
served during ACTH administration had 
again increased, three and two weeks 


*. 4. Case 4. After administration of ACTH the ‘‘mediastinal widening” 


has disappeared. 


|_| 
| 
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Fig. 5. Case 5. Note the ‘‘mediastinal widening.” 


later respectively. Thus, with the short 
course of ACTH therapy described above 
one cannot expect permanent reduction of 
a large thymus. 

Case 7 demonstrated that administra- 
tion of ACTH affords a possibility of a 
differential thymic 
tissue in the mediastinum and other tu- 


diagnosis between 
morigenic tissue there. Thymic tumors, 
i.e. thymoma, seem to respond in the same 
manner as normal thymic tissue. In the 


material presented by Soffer et al. “in 2 
instances the thymic enlargement was 


proven to be due to tumor, | of which was 
malignant in character with proven meta- 
stases’’. These thymic enlargements de- 
creased on ACTH administration. 

Caffey & di Liberti’s patients received 
adrenocorticosteroids or derivatives thereof , 
orally (prednisone in most cases, triamci- 
nolone in a few). The advantage of the 
administration of these agents over ACTH 


Fig. 6. Case 5. After administration of ACTH the ‘‘widening of the mediastinum” has disappeai 2d. 
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Fig. 7. A rounded tumor formation is seen apically on the right side. Administration of ACTH did 
not change the size or appearance of this formation. Ganglioneuroma. 


is that they can be given to ambulatory 
patients. In Case 1 we used regular ACTH; 
in the others, acton prolongatum. By 
using the depot preparation it is possible to 
reduce the number of injections to one per 
day. The disadvantage of injection is 
counterbalanced by the belief that it is 
more physiologic to stimulate the adrenal 
cortex with ACTH than to depress its 
function with adrenocorticosteroids. How- 
ever, either should be of approximately 
the same value as far as the desired effect 
on the thymic tissue is concerned. 
teduction of mediastinal widening dur- 
ing administration of ACTH or adreno- 
corticosteroids does not always neces- 
sariiy indicate that it has been thymic 
tissie or a thymic tumor which has de- 
ed; other tumorous masses may per- 
be affected in a similar manner by 
In our 


crea 
hay 
AC 


Cas 


‘H or adrenocorticosteroids. 
‘, with the exception of Case 7, there 
no indications in the clinical picture 

e subsequent course that the media- 

widening should have been com- 


we 
or 


sti 


posed of other benign or malignant tumors: 
In Case 1, where we evidently administered 
too small a dose of ACTH, the patient on 
examination 7 years later was healthy 
and roentgenography of the thorax at 
that time did not disclose any widening of 
the mediastinum. 


Summary 


In 13 cases with a widening of the me- 
diastinum, discovered in the course of 
roentgenologic examination, ACTH was 
administered to increase the possibilities 
of diagnosing the cause. In 11 cases there 
was a reduction of the width of the media- 
stinum. The decrease is considered to be 
due to the thymolytic effect of the adreno- 
corticosteroids. In one case the widening 
remained unchanged; in this case entirely 
too small a dose of ACTH was given. In 
another case the more circumscribed en- 
largement remained unchanged and the 
subsequent operation revealed that it was 
composed of a ganglioneuroma. 
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Periods of Induced Hypoxia’ 


by LEO STERN,? ROBERT E. GREENBERG? and JOHN LIND 


} The response of the newborn to induced 
anoxia is a many faceted one. Cross et al. 
(5, 6) reported that a reduction in the 
oxygen content in the inspired air from 
20%, to 15 % caused a fall in O, consump- 
tion in newborn term and premature in- 
‘fants. Cross and co-workers have further 
shown that, in response to the administra- 
tion of 15% O,, premature and full term 
infants show only a transitory hyperventi- 
latory response which returns to its initial 
level after approximately two minutes (7). 
Rowe & James produced changes in pul- 
monary arterial pressure as well as a fall 
in the arterial oxygen saturation in a new- 
born infant by the administration of a gas 
mixture containing 15% oxygen, though 
the effects were more striking when the 
oxygen content was lowered to 10% (21). 
Asphyxia, produced by tracheal com- 
pression, has been found to result in in- 


tense activation of the adrenal medulla in 
animals. Rapela & Houssay observed a 
strik ng increase in the secretion of the ad- 


rene. medulla of the dog in asphyxia (20), 
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similar findings were recorded in the cat by 
Euler & Folkow (12). In both studies the 
percentage of noradrenaline in the supra- 
renal venous blood was similar to the 
resting state. 

It has also been suggested by Dawes 
and co-workers that the release of ca- 
techolamines in response to asphyxia 
provides an alternative method of closure 
of the ductus arteriosus in newborn lambs 
(9). (Paradoxically the other stimulus to 
closure is an increase in oxygen tension.) 
Clinically, Rooth & Sjéstedt 
have recently proposed the routine use of 


Englesson, 


15% oxygen as a milieu for premature 
infants on the supposition that such a 
mixture is more suited physiologically to 
their metabolic requirements (11). 

The following study was undertaken in 
order to evaluate the possible relation- 
ships between the administration of a 
reduced oxygen mixture and the excretion 
of noradrenaline and adrenaline in the 
newborn Coincident with the 
above, the study afforded an opportunity 


infant. 


to assess normal dopamine excretion in the 


newborn period. 


Methods 


Twenty-one full term male infants, rang- 
ing in age from 1 to 18 days, were studied. 
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The infants were adjudged mature by birth 
weight ( > 2500 g) and/or clinical appearance. 
At the time of study they ranged in weight 
from 2300 g to 4480 g. In addition, the study 
was carried out on four premature infants 
weighing between 1690 and 2070 g. 

Urine was collected according to previ- 
ously described methods (18). Immediate- 
ly following collection of the control speci- 
men the infant was placed in a special hood 
used clinically for purposes of antibiotic in- 
halation therapy. The inlet was attached 
to a tank containing a commercially pre- 
pared mixture of 84.5% nitrogen and 15.5% 
oxygen (AGA); the infant was exposed to 
this mixture for 15 minutes. The oxygen con- 
centration, in front of the infant’s airway, 
was repeatedly checked during the period of 
administration with a Beckman D, oxygen 
analyzer, accurately adjusted to read 100% 
in pure oxygen and 20.9% in room air. An 
oxygen concentration of less than 16% was 
reached within 1 minute after the administra- 
tion of the gas mixture was begun in all in- 
fants studied. Respiratory rates were re- 
corded before, during and at the conclusion 
of the test period. The next observed voiding 
was collected and the time noted. Two to 
three drops of 6N HC1 were added to the 
urine specimens and they were immediately 
frozen; analysis for catecholamines was done 
usually within 24 hours. 

Urinary noradrenaline and _ adrenaline 
were determined according to the method 
of Euler & Lishajko (13). Fluoroscence was 
read in a Coleman photofluorometer, Model 
12C, with appropriate filters. Dopamine 
was determined according to the fluorimetric 
method of Carlsson & Waldeck (2), after 
adsorption on an alumina column and elu- 
tion with 0.25 N acetic acid. An Aminco- 
Bowman spectrophotofluorometer was used 
for these determinations. It was confirmed 
that noradrenaline, adrenaline, normetan- 
ephrine, metanephrine and 3,4-dihydroxy- 
phenyl-acetic acid (dopac) did not produce 
significant fluorescence under the conditions 
of the method used. All values were calcula- 
ted and expressed as nanog per kg body 
weight per minute (1 nanog = 0.001 microg). 
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Results 


The Effect of a Reduced Oxygen Atmospiere | 


on the Excretion of Noradrenaline 


and Adrenaline } 


Clinically, no adverse effects were noted 
as a result of the administration of the 
gas mixture used. Respiratory rates re- 
mained unchanged in all infants. Rectal 


temperatures in the full term infants } 


ranged from 35.9 to 37°C. The results for | 


noradrenaline excretion are shown diia- 
grammatically in Fig. 1 and for adrenaline 
excretion in Fig. 2. The mean values for 
noradrenaline excretion pre- and_post- 


stimulus are 0.301 +0.188 and 0.340 + ’ 


0.177 nanog/kg/minute, respectively. Si- 
milar values for adrenaline excretion are 
0.056 + 0.042 and 0.085 + 0.054 nanog/ 
kg/minute, respectively. 

From the above, it is apparent that 
there is no significant difference between 
the pre- and poststimulus levels for either 
noradrenaline or adrenaline when the in- 
fants are evaluated as a group. Age had no 
apparent influence on adrenaline excretion. 
However, whereas only 1 of 10 infants 
under 5 days of age showed an increase in 
noradrenaline excretion following expo- 
sure to the gas mixture, 7 of 11 infants 
over 5 days of age demonstrated an in- 
crease of 20% or more in the poststimu us 
period. Fig. 3 shows this relationsl:ip 
between increasing age and the cumulative 
percentage of infants who responded to + he 
stimulus with an increase in urinary ©x- 
cretion for both noradrenaline and «d- 
renaline. None of the four prematu’es 
studied showed an in eitier 
noradrenaline or adrenaline (Fig. 4). 


increase 


Fig. 
The 


| 
N 
min¢ 
was 
‘ then 
obta 
adre 
aver: 
| 
Fig 
| 


CATECHOLAMINE EXCRETION IN THE NEWBORN PERIOD 499 


104 
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f the 
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fants ) Fig. 1. Urinary excretion of noradrenaline, in response to 15.5% Oz, at different postnatal ages. 


‘s for | The clear blocks indicate ‘‘pre-stimulus”’ levels, 


while the dark blocks indicate the corresponding 


“‘poststimulus”’ values. Expressed as nanog excreted/kg body weight/minute. 


dia- 
en The Excretion of Dopamine in the 1. The mean excretion of dopamine is 
dane Newborn Period 2.96 + 1.59 nanog/kg/minute as compared 
od , No positive correlation between dopa- to 0.314 + 0.123 nanog/kg/minute for nor- 
wt mine excretion and the hypoxic stimulus adrenaline. Dopamine, then, is excreted in 
Sr was found. To assess the mean values, amounts approximately 9 times that of 
8° then, for dopamine excretion, all values noradrenaline. Fig. 5 shows that the level 
nog/ obtained for both dopamine and nor- of urinary dopamine increases in a rough 
adrenaline on each newborn studied were correlation with increasing levels of urinary 
eas averaged, with the results shown in Table _ noradrenaline. Statistically significant dif- 
veen 
ther 30-4 
in- 
1 no 25 
ion. 
20-4 
unts | 
ne 
10 
ship 
Live ,05 | 
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her | Fig. 2, Urinary excretion of adrenaline, in response to 15.5% O,, at different postnatal ages. 


Legend as 
| 


for Fig. 1. 


500 L. STERN, R. E. GREENBERG AND J. LIND 


100 ) 
90 + 
80 4 
ADRENALINE ) 
@ 
604 ° 
50 4 
ly 
=> 
404 
° 
> e 
NORA DRENALINE 


8 12 18 Ri 
AGE IN DAYS 


Fig. 3. Relation between cumulative percentage (aggregated percentage of the total group) 
showing a positive response to the stimulus and age. Note that whereas the curve for adrenaline _ feren 
slopes only slightly, that for noradrenaline rises in an S-shape, levelling off with increasing age. pare 
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Fig. 5. The relation between dopamine and noradrenaline excretion in the newborn period. 


ferences in dopamine excretion, when com- 
pared to levels of noradrenaline, are not 
present, due to the wide range of dopamine 


values. 


Discussion 


The Response to a Reduced Oxygen 
Atmosphere 
The failure of this stimulus to result in 
“any obvious clinical effects, and the ap- 
parent readiness with which the infants 
tolerated it has been noted by Cross (8); 


similarly, no changes in respiratory or 
heart rates or in general clinical condition 

, wer’ found in the group of prematures 
give: 15% oxygen by Englesson, Rooth & 
Sjos edt (11). Thus, it would seem that 
this \egree of hypoxia is without apparent 
adv -se effect on premature and full term 
infa ts. 

ny stimuli are known to evoke ca- 
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techolamine release in the adult human 
or animal. It has been previously demon- 
strated, using the methods employed in 
this study, that newborn infants are 
capable of responding to change of posture 
and insulin hypoglycemia, for example, 
with an increase in catecholamine ex- 
cretion (18). 

Animal experiments have demonstrated 
that asphyxia can induce a reflex activa- 
tion of the adrenal medulla (12, 20). 
Although it has not been quantitatively 
assessed, it would appear that the degree 
of anoxia must be severe before the adrenal 
response is significant. As the peripheral 
sympathetic nervous system also partici- 
pates in the asphyxial defense reaction (4); 
such activation should effect changes in 
urinary noradrenaline, to which both the 
peripheral sympathetic nervous tissue and 
the adrenal medulla contribute. 
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TABLE 1. The urinary excretion of dop- 
amine (hydroxytyramine) as compared to 
noradrenaline in normal newborn infants. 


Age Weight Noradrenaline 
days kg ng/kg/min Dopamine 
1.1 3.17 1.79 
1.5 3.10 131 1.12 
3.19 .235 3.42 
1.9 3.20 .242 1:97 
3.3 4.48 .158 3.11 
3.4 4.17 323 2.46 
3.9 3.48 508 2.94 
4 3.60 2.91 
6 2.51 .418 1.99 
6 2.72 3.16 
6 3.82 .324 5.88 
7 3.38 331 3.41 
8 3.48 .492 1.69 
14 2.68 .225 1.54 
18 3.60 .402 6.95 
Mean=_ .314 2.96 
8.D. = +.123 + 1.59 


Since, in this study, the mean pre- and 
post-stimulus values for both noradrenal- 
ine and adrenaline are not significantly 
different, when analyzed as an entire 
group, it would appear that either the 
newborn infant is incapable of responding 
to this with an increase in 
catecholamine excretion or the stimulus 
itself is not of sufficient severity to pro- 
duce such a response. In either case, this 
would suggest that physiologic responses 
reported as a result of the administration 
of hypoxic mixtures of this degree are 
mediated by mechanisms other than cate- 


stimulus 


cholamine release. 

A more detailed analysis showed that 
age did not affect the randomness of the 
response in terms of adrenaline excretion. 
However, whereas 7 of 11 infants over 5 
days of age exhibited an increase in norad- 
renaline excretion of at least 20% after 
exposure to the gas mixture, only 1 of 10 
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infants under 5 days of age demonstr: ‘ed ) cet! 
such a response. If this finding is valid, | fro! 
it would suggest that either there i; a| the 
delay in the maturation of the cen ral | nor: 
response to hypoxia (with respect to | hyd 
noradrenaline release) or that the respinse | Sug: 
to a similar degree of hypoxia is qua ita- ) the 
tively different with increasing postniital! dop: 
age. tion: 
nora 
The Urinary Excretion of Dopamin. hyp 
Dopamine was originally demonstrated | a hi 
to be a substance normally found in human) in m 
urine by Holtz et al. (19). Euler, Ham. and 
berg & Hellner confirmed its presence in, amir 
human urine by chromatographic tech- the 1 
niques (14). Drujan et al. (10) found dop- — fin « 
amine in the urine of adults in levels of) that 
198 + 37 microg per day, approximately own 
5-10 times that of noradrenaline. From — high 
our studies, it is apparent that a similar howe 
dopamine: noradrenaline ratio is present in or h 
the urine of newborn infants. tions 
The physiologic significance of dopa- sues 
mine in tissues or urine has yet to be; seem 
established. It has been demonstrated © signi 
that dopamine serves as a precursor in the dopa 
biosynthesis of both noradrenaline and _ cretir 
adrenaline in the adrenal gland (13), and used 
of noradrenaline in sympathetic nervous proc 
tissue (17). Of the entire sequence of reac- tions 
tions in the formation of adrenaline from as #r 
phenylalanine, the enzyme system that 
catalyzes the hydroxylation of dopan: ine 
to noradrenaline is least underst«od. 
Further, Senoh et al. (22) have rece ‘tly , 
shown that dopamine can form 2, 4 5- 
trihydroxyphenethylamine (hydroxy: op- th: 
amine) both in vivo and in vitro, ac om- Tes 
pound extremely difficult to separate f om _ lin 
ca’ 


noradrenaline by chromatographic t ch- 
on: 
| 


niques; they note that previous studies 


vated 
man 
Jam. | 
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tech- 
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ceriing the biosynthesis of noradrenaline 
fron. dopamine must be re-evaluated in 
the light of these findings. If, as is likely, 
noradrenaline is indeed formed by the 
hydroxylation of dopamine, recent studies 
sugvest that such a precursor role is not 
the only function of dopamine. In brain, 
dopamine is present in high concentra- 
tions in the caudate whereas 
noradrenaline is most abundant in the 
hypothalamus (3). Further, in ruminants, 
a high concentration of dopamine is found 
in many tissues, including lung, duodenum 
and liver, unrelated to other catechol- 
amines; the dopamine content varies with 
the numbers of a special type of chromaf- 
fin cell (1). These studies would suggest 
that dopamine has a physiologic role of its 
own in those areas where it is present in 
high concentration. Dopamine has not, 
however, been detected in either bovine 
or human plasma under normal condi- 
tions, in spite of its presence in both tis- 
sues and urine (15, 23). It would thus 
seem that the kidney itself contributes 
significantly to the relatively high urinary 
dopamine levels; as such, the urinary ex- 
cretion of dopamine can probably not be 
used as an index of endogenous extra-renal 
production. The delineation of the func- 
tions of dopamine in the organism remains 
as in important and interesting task. 


nucleus, 


Summary 


has previously been demonstrated 
th: newborn infants are capable of 
nding to change of posture and insu- 
lin ypoglycemia with an increase in 
cat -holamine excretion. Similarly, pre- 
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vious studies by other workers have shown 
that severe anoxia, at least, evokes a 
marked release of catecholamines in ani- 
mals. When newborn infants were exposed 
for 15 minutes to a gas mixture containing 
15.5% oxygen and 84.5% nitrogen, no 
significant change in the urinary excretion 
of noradrenaline and adrenaline ensued. 
This would suggest that either the new- 
born is incapable of responding to this 
stimulus with an increase in catechol- 
amine excretion or the stimulus itself is 
not of sufficient severity to produce such 
a response. In either case, any physiologic 
response in newborns following exposure to 
a hypoxic mixture of this degree, would 
then be mediated by mechanisms other 
than catecholamine release. 

The study also suggests, however, that 
increasing postnatal age exhibits a positive 
correlation with the response to the hy- 
poxic stimulus used, in terms of increases 
in noradrenaline excretion. The validity of 
these findings as well as their significance 
must await confirmatory studies. 

Dopamine was found to be present in 
the urine of newborn infants in amounts 
roughly nine times that of noradrenaline, 
a ratio parallel to that observed by others 
for adults. No correlation between the 
hypoxic stimulus and dopamine excretion 
was found. The present confusion con- 
cerning the significance of dopamine, in 
both urine and tissues, is briefly reviewed. 
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| The ‘“Mercury-In-Rubber”’ Strain Gauge for Measurements of Blood 


f 


Pressure and Peripheral Circulation in Newborn Infants 


by OLOV CELANDER and GORAN THUNELL 


In previous communications (1, 2) it 
was described how occlusion 
plethysmography could succesfully 
performed on newborn infants for mea- 
suring changes in leg blood flow, periphe- 
ral resistance to flow and systemic blood 


venous 
be 


pressures. In a further study (3) on medical 
students the plethysmographic method 
for blood pressure determinations was 
found to agree satisfactorily with simul- 
taneous intraarterial pressure recordings 
from the corresponding artery. However, 
in clinical work the use of a water-filled 
plethysmograph and the recording on an 
ordinary kymograph on smoked paper is 
rather inconvenient. In this paper will be 
described how these difficulties might be 
overcome by the use of the “‘mercury-in- 
rubler’’ gauge which was introduced in the 
study of peripheral circulation in man some 
years ago by Whitney (5). 


Methods 
Principle 


e “mercury-in-rubber”’ gauge operates 
as» fairly distensible electrical strain gauge. 
A citable length of thin and highly dis- 
ter ble rubber tubing is filled with mercury 
an fitted to the extremity. The electrical 


resistance of the mercury column is depen- 
dent on the circumference of the leg and, 
therefore, on leg volume. An increase of leg 
volume will distend the gauge and, as the 
mercury remains constant, the 
length of the mercury column will increase 
on behalf of a corresponding decrease of 
thickness. Both these changes will produce 
an increase of electrical resistance. The 
gauge is part of a balanced Wheatstone 
bridge, fed with a low-voltage, high-fre- 
quency current. The bridge, being balanced 
for a particular degree of extension of the 
tube, will allow changes of extension (plus 
or minus) to be recorded by the current 
flowing in the bridge galvanometer circuit. 
Whitney (5) has shown that “a good linear 
relationship exists between the bridge output 
recorded by the galvanometer and the per- 
centage extension or contraction of the 
gauge’’. To attain maximal sensitivity of the 
‘“‘mercury-in-rubber’’ gauge we have (fol- 
lowing the recommendations to us by Dr 
C. J. Eagan) made the gauge make up prac- 
tically the entire resistance of one arm of the 
bridge. The current feeding the bridge was 
obtained from an ordinary electromanometer 
(Elema). The current flowing in the galvano- 
meter circuit of the bridge was amplified in 
the electromanometer and could be further 
amplified by the amplifier in the electro- 
cardiograph (Elema Cardirex 3B), which was 
used for the recording. These general prin- 
ciples are illustrated in a simplified form in 
Fig. 1. 
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OCCLUDING CUFF 


MERCURY- 
IN-RUBBER 
GAUGE 


RECORDING 
SYSTEM 


Wv 
1000 c/s 


Fig. 1. A schematic drawing of the ‘““mercury-in- 
rubber” strain gauge and the Wheatstone bridge. 


The “‘mercury-in-rubber’’ gauge 


The rubber tubing used has the transverse 
dimensions of 1.1 mm (outer diameter) and 
0.35 mm (inner diameter).1 The leads to the 
bridge are fine insulated multi-strand copper 
wire. The contacts which intrude into the 
rubber tube have been made of 0.7 mm silver 
threads, 4 em of length, soldered up in one 
end with the copper wire. The other end, 
which is to be introduced into the tubing, 
is soldered up with two thinner (0.18 mm) 
silver threads; to facilitate contact with the 
mercury they protrude about 1 em beyond 
the tip of the thicker silver thread. 

The filling of the tube with 
requires pains and practice. It was found 
convenient to place the tube level on a firm 
table. An ordinary 5 cc glass syringe supplied 
with a thin hypodermic needle, which has a 
dulled tip, was found suitable. The prepared 
tips of the silver leads were then carefully 
introduced and the tube ends were sealed by 
tight ligatures. Some > with 


mercury 


“‘over-filling”’ 
mercury was found desirable. The gauge was 
now tested for electrical continuity and for 
its capacity to withstand rather violent 
handling. 


1 Latex rubber tubing (nr 27), obtained from 
Huntington Rubber Mills, Box 570, Portland, 
Oregon, U.S.A. 
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The transformer coupling device ) 


The circuit diagram is shown in Fig 3. 


The bridge excitation (A—B) is supplied by | 


the ordinary Elema electromanometer, wi: ich 
normally supplies a pressure transducer \. ith 
an alternating current of 11 V at 1000 «ps. 


T, and T, are matching transformers. / is } 


a variable resistance choosen to match the 
resistance of the ‘“‘mercury-in-rubber”’ gauge 
(1-2). The current over the bridge (C -D) 
supplies the electromanometer and is re. 
corded on the clectrocardiograph. After 
balancing the bridge for the particular ex- 
tension of the rubber tube, when fitted to 
the calf of the child, a suitable amplification 
is choosen on the electromanometer and the 
electrocardiograph. 


The use of the ‘‘mercury-in-rubber” gauge 
) 


on newborns 


The general principles for plethysmography 
and the use of this method for blood-pressure 
determinations have been described 
where (1, 2). To be successful in using the 
highly sensitive “‘mercury-in-rubber”’ gauge, 
mechanical disturbances have to be minimal. 


else- 


The child, therefore, has to be at complete , 


rest, preferably asleep during the measure- 
ments. The blood-pressure cuff, the mercury 
manometer and the pressure reservoir are 
the same as those previously described by 
Celander & Thunell (2). Fig. 2 shows the ap- 
paratus and the gauge fitted to the calf of a 
newborn. 


Results 


Fig. 4 shows, at high amplification, he 
minute volume changes in the leg o a 


newborn which accompany the arte ial ’ 


pulse waves. From this tracing it will be 
easily realized that the electrical sti vin 
gauge is well suited as a “‘pulse indicat: ©”. 
when measurement of the systolic arte ‘ial 
blood pressure is desired. As a matte’ of 
fact, the amplification of the arte ial 
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Fig. 2. The ‘‘mercury-in-rubber” gauge fitted to the calf of a newborn infant. The pressure reser- 
voir for the cuff, the mercury manometer and the box containing the bridge are shown in front 


aphy of the electromanometer and the electrocardiograph. 
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Fi. 3. Circuit diagram for the transformer coupling device. An Elema electromanometer 

run su lies the 11 volt, 1000 cycles per second bridge excitation at A and B. The bridge output, 

co ected to C and D is amplified by the electromanometer and the recording electrocardiograph. 
The ‘“‘mercury-in-rubber’’ gauge is connected to points J and 2. 


F: . 4. Arterial pulsations in the leg of a newborn recorded by the “‘mercury-in-rubber”’ gauge. 
H amplification. The tracing illustrates the possibilities of the electrical strain gauge as a pulse 
indicator for measuring systolic blood pressure. 
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CUFF PRESSURE 


120 10 100 90 80 
mmHg 
Fig. 5. A determination of the systolic blood 
pressure in a newborn infant. Note the ap- 


pearence of prominent arterial pulsations and 
the sudden increase of leg volume once the cuff 
pressure is released to pressures below 
90 mm Hg. 
pulsations is practically unlimited, al- 
though in ordinary use a considerably 
lesser degree of amplification is quite suf- 
ficient for this purpose. How such a 
determination of systolic pressure can 
be achieved is illustrated in Fig 5. The 
occluding cuff fitted to the thigh was first 
inflated at a suprasystolic pressure which 
was then released at a constant speed, 
marked in the upper tracing. The tracings 
allow an accurate determination of the 
systolic pressure in the artery to the ex- 
tremity for two reasons. Firstly, the ap- 
pearance of arterial pulsations beyond the 
occluding cuff at a pressure of 90 mm Hg 
is good evidence that at this very level the 
intraarterial systolic peaks superseded the 
cuff pressure. Previous rhythmic varia- 
tions in the bottom tracing were due to 
the respiration of the child and were not 
synchronous with the heart rate. Secondly, 
at the same cuff pressure, the tracing of the 
“mercury-in-rubber” gauge suddenly rises 
rather abruptly. This sudden increase of 
leg volume reflects the rushing of blood 
into the extremity once the cuff pressure 
is no longer effective in interrupting ar- 
terial inflow but still high enough to 
block the venous outflow from the ex- 
tremity. In this child the two phenomena 
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CUFF PRESSURE 
mmHg 


BLOOD FLOW 
ARBITRARY 


UNITS 


68 15 


“wv 


Fig. 6. Measurements of the rate of arterial in- 
flow in relative units at various cuff pressures 
during the collecting periods. The systolic pres- 
sure must be very close to 94 mm Hg (which is 
the highest cuff pressure at which a minimal 
arterial inflow was recorded). Similarly, diastolic 
pressure must be very near 82 mm Hg (the 
highest cuff pressure for maximal arterial in- 
flow). Note at C, D, E and F that only minimal 
arterial pulsations remain in the tracings in 
spite of clearly positive flow records. 


coincided at a cuff pressure of 90 mm Hg. 
In others, as will be seen, they did not. 
Under such circumstances the determina- 
tion of systolic blood pressure was decided 
on the criterion of an actual arterial inflow 
rather than the less reliable presence of 
arterial pulsations. 

Fig. 6 and Fig. 7 illustrate how te 
“mercury-in-rubber” gauge can be 
to measure both systolic and diasto ic 
blood pressure on the basis of blood-fl« w 
determinations at various cuff pressur: s, 
as was recently suggested by Celander & 
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re 
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3 
3 
) 8 
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Cuff pressure mmHg 
Fig. 7. Diagram showing the relation between the pressure in the cuff and the rate of arterial 


inflow (relative units) to the extremity. 


Thunell (2). In the experiment referred to 
in Fig. 6 the highest cuff pressure at 
' which a minimal arterial inflow could be 
recorded was 94 mm Hg, whereas the 
highest cuff pressure giving a maximal 
rate of arterial inflow was 82 mm Hg. 
These two values are representative of 
systolic and diastolic blood pressure res- 
pectively. In the diagram in Fig. 7 the 
total number of observations on blood 
flow at this occasion is plotted against cuff 
pressure. From this diagram it is apparent 
that both systolic and diastolic blood 
pressure can be determined with a high 
degree of accuracy by this approach. 


Discussion 


The ‘‘mercury-in-rubber” strain gauge 
was originally suggested by Glaser in 1939 
(4) to study respiratory moments. After 
it was adopted by Whitney in 1953 (6) in 
the study of peripheral circulation in man 

» it hes been successfully used in a great 
num er of circulatory studies, when ordi- 
nary plethysmographs are difficult to 


hance, In this study the “mercury-in- 
gauge has been used to determine 
‘reat precision at which cuff pressure 
arte: 1 pulse waves pass beyond the oc- 


cluding blood pressure cuff. The practi- 
cally unlimited possibilities of amplifica- 
tion give the electrical strain gauge ad- 
vantage as a pulse indicator when arterial 
pulsations are small as is the case in new- 
borns and in patients with occlusive ar- 
terial disease. Of probably greater im- 
portance is the fact that the electrical 
strain gauge also clearly shows at which 
pressure (upon gradual lowering of the 
cuff pressure) an arterial inflow to the ex- 
tremity starts. The fact that arterial 
pulsations might be absent or small in 
spite of positive flow records (see, e.g., 
Fig. 6) has previously been commented 
upon (2) and gives further status to the 
electrical strain gauge plethysmograph 
when compared with other sphygmo- 
manometric methods. 

Venous occlusion plethysmography of 
the foot and calf can be used on newborns 
for measuring not only the systolic but 
also the diastolic systemic blood pressure 
(2). This new principle for indirect blood 
pressure determinations has been checked 
against the intraarterial blood pressure in 
adults (3). The “mercury-in-rubber” gauge 
has not yet been similarly compared with 
direct intravascular pressure recordings, 
but there seems to be no reason why the 
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electrical strain gauge plethysmograph 
should differ in these respects from the 
ordinary water-filled plethysmograph. 

In taking blood-pressure readings, based 
on plethysmography, it is not necessary 
to measure the 
quantitative terms. It is sufficient to 


rate of blood flow in 


determine the highest cuff pressures at 
which minimal and maximal arterial in- 
flow is obtained. However, in one and the 
same individual the ‘“mercury-in-rubber” 
gauge might be of value for following 
relative changes in the rate of blood flow 
during a restricted period of time, such 
as, e.g. during the first few hours of life, 
or during experimentally induced altera- 
tions in the environment of the child, 
such as, e.g. changes in oxygen tension or 
temperature. In situations when the rate 
of blood flow is desired in quantitative 
terms the ordinary water-filled venous 
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occlusion plethysmograph should ro-) 
bably be preferred. A calibration of the} — 
“mercury-in-rubber”’ gauge can be ac iie. | 
ved but is difficult and may be unreli:ble 
for any longer period of time. 

) 


Summary 
A modification of the “mercury 
rubber” strain gauge is described which 
is suitable for clinical studies on infants. 
The gauge can either be used as a pulse. 
indicator for measuring the systolic blood } 
pressure, or it can be used for plethysmo-, 


graphy to study blood flow and resistance tuna 
to flow in relative terms as well as systolic TP 
and diastolic arterial blood pressure. who 
) 
Acknowledgement sarc’ 
We wish to thank Mr H. Sundstrém, 
Elema-Schénander, Gothenburg, for his va- 
luable suggestions and technical assistance. (: 
mont 
He v 
and 
4. GuaserR, V.: Eine Apparatur zur electro-/ tally 
optischen Registrierung der Atembe._ illnes 
wegungen. Elektro-pneumograph. Alin off a 
Wschr, 18: 1156-1157, 1939. 
5. WuItney, R. J.: The measurement of volume ‘ 
changes in human limbs. J Physiol "0? 
(Lond), 121: 1-27, 1953. com} 
6. WuitneEy, R. J.: The electrical strain gauge regio 
method for measurement of peripheral’ 
circulation in man. In Peripheral Circula- 
tion in Man, ed. G. E. W. Wotstennoime, “TOP 
A Ciba Found. Symposium, Churchill, uon- occa 
don 1954. 1955, 
tha: 
Dept. of Paedis trics ther 
Barnsjukhuset wit! 
Gothenburg His 
Sweden this 
tal 
fou 
in 
cor 


of the | 
ac | 
ble| 


) 


ry -in- 


which 
fants. 
pulse. 
blood ? 
ySmo- | 
tance 


stolic 


Acta Peediatrica 50: 511-516. Sept. 1961 


CASE REPORT 


A Case of Retro-Pharyngeal Lymphosarcoma 


Presenting with Blindness 


by D. G. COTTOM and L. R. WHITE 


The Hospital for Sick Children, Great Ormond Street, London 


The sudden onset of blindness is for- 
tunately very rare in childhood. We 
report the case of a three-year-old boy 
who presented in this way and who was 
subsequently proved to have a lympho- 


» sarcoma originating in the nasopharynx. 
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Case 


C.F., a boy of 43, was seen because one 
month earlier he had suddenly become blind. 
He was the second child of healthy parents 
and had made normal progress both men- 
tally and physically up to the onset of this 
illness. Five weeks before admission he fell 
off a swing but did not appear to suffer any 
ill-effeets at the time. He continued to play 
normally throughout the day, although he 
complained once or twice of pain in the 
region of the right eye. During the next 
week: he again had some pain in the right 
frontal region and was awakened on two 
occasions because of headache. On Sept. 3, 
1955, a week after the fall, his mother noticed 


tha: his eyes seemed abnormal. He rolled 
ther. from side to side and stared ahead 
without appearing to focus on anything. 
His nother suspected that he was blind and 
this was confirmed at his local hospital. 

t - was admitted to the West End Hospi- 
tal or Nervous Diseases where he was 


fou ! to be a rather quiet, apathetic child 
in .0m the abnormal physical signs were 
ied to the central nervous system. In 
on to his blindness, he was found to 


be generally hypotonic and his knee and 
ankle jerks were unobtainable in both legs. 
Investigations at that time included X- 
rays of skull and chest, which were both 
normal, haemoglobin 15.4 g%, W.B.C. 
12,000/mm% (neutrophils 47%, lymphocytes 
50%, monocytes 2%, basophils 1%) and 
B.S.R. 9 mm in 1 hour (Westergren). The 
C.S.F. contained 1 cell/mm* and 25 mg% 
protein. The probable diagnosis was thought 
to be either an acute bilateral retro-bulbar 
neuritis or bilateral spasm of the central 
retinal arteries. Treatment with cortisone 
(12.5 mg twice daily) was begun. There was 
no return of vision and a complete external 
ophthalmoplegia developed on the right. 
Three weeks after the onset of the blindness, 
it was noticed that the cervical lymph nodes 
were enlarged and that there was some degree 
of proptosis, more noticeable on the left 
than the right. In addition he was becoming 
drowsy and increasingly apathetic, so in 
view of the deterioration in his general con- 
dition he was transferred to the Hospital 
for Sick Children, Great Ormond Street. 

By this time there was considerable en- 
largement of the cervical lymph nodes and 
one in the submaxillary region appeared to 
be attached to bone. No other glands were 
palpable in the axiallae or epitrochlear 
regions and the liver and spleen could not 
be felt. There was a purulent nasal discharge 
and the soft palate appeared lower than 
normal. In addition to bilateral proptosis 
the ocular fundi now showed the appearances 
of primary optic atrophy. The haemoglobin 
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Fig. 1. Soft tissue radiograph showing tumour 
arising from posterior wall of nasopharynx. 


had fallen to 13.2 g% but the leucocytes 
remained entirely normal. X-rays of the 
chest and skull showed no change but a 
view taken to show soft tissues demonstrated 
a mass encroaching on the posterior wall of 
the pharynx (Fig. 1). It was thought possible 
that the child might have a retro-pharyngeal 
sarcoma or secondary deposits from a 
neuroblastoma. 

An examination under anaesthesia carried 
out by Mr. A. W. Halfhide revealed a fixed 
mass in the left naso-pharyngeal area which 
extended anteriorly to the middle of the 
nasal fossa and posteriorly to the free border 
of the palate. A biopsy was obtained which 
confirmed the presence of a malignant tumour 
but its nature remained uncertain. 

During the next two weeks the proptosis 
increased. His nose became blocked on the 
left side and oedema of the left side of the 
face developed. Signs of pneumonia ap- 
peared at the base of the right lung and he 
died the following day just two months 
after the original onset of blindness. 
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Autopsy report 
External appearances 


The body was that of a slight, wasted! 
boy 108 cm in length and 15.2 kg in we ght, 
showing generalised pallor. The chiet ab- 
normalities affected the head. There was a} 
slight, ill-defined, subcutaneous eminence 
over the supra-nasal region, together with 
marked hypertelorism, the nasal bridge 
being broad and flattened and the interocular 
distance 4 cm. Gross bilateral exophthaimos 
was present with some divergence of the 
ocular axes and severe chemosis. The perior-' 
bital tissues were thickened, the face broad 
and puffy and there was some circumocular 
ecchymosis. In the buccal cavity, the lateral 
portions of both upper alveolar magins were 
considerably swollen and encroached on the 
hard palate. There was gross dissolution of 
the maxilla, the teeth embedded in the soft. 
tissue were quite loose. In addition there 
was enlargement of the lower alveolar 
margins, with considerable mobility of the 
teeth and gingival bleeding. 


Internal appearances 


Primary tumour. The nasopharyngeal 
lumen was reduced to a slit-like cavity by a 
sheath of submucous tumour tissue, most 
massive posteriorly where it attained a 
depth of 2 em (Fig. 2). Inferiorly, the tumour 
extended into the palate, which was con- 
siderably thickened and somewhat nodular 
on its posterior aspect. Superiorly, the growth 
protruded into both nasal cavities, whilst 
laterally it had largely destroyed the medial 
orbital walls and facial bones fungating into 
the retro-ocular tissues and the maxillary 
antra. In general, the tumour was compo:ed 
of pale, cream-coloured tissue of ra‘ 
soft consistency but in the posterior p'ia- 
ryngeal region it was partly necrotic «nd 
deeply discoloured by haemorrhage. In he 
nasopharynx and nasal cavities the muc: «al 
aspect of the tumour had a distinctly lob: ‘a- 
ted surface. 

Skull. Whilst the basilar portion of 1¢, 
occipital bone appeared intact, the prim ry 
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RETRO-PHARYNGEAL LYMPHOSARCOMA 


012345 
cm 


Fig. 2. Hemisected specimen, showing the 


nasopharyngeal tumour 7n situ. 


tumour had invaded and largely destroyed 
the body of the sphenoid and the cribriform 
plate, extending over the inner aspect to 
form a large plaque which reached a maxi- 
mum depth of 1 em. The pituitary fossa 
was completely destroyed and the pituitary 
gland submerged in the mass of tissue. The 
bones of the calvarium were intact but over 
most of their inner aspect a thin sheet of 
neoplastic tissue was present deep to the 
fibrous layer of the dura, and in the medial 
fronial region externally a subperiosteal 
plaque of similar nature was present, con- 
tinucus with that in the orbits. The coronal 
suture was unduly mobile, the suture line 
bein» replaced by a ridge of tumour wich 
pro} «ted on either side. 


Microscopy 


7 -« tumour tissue in all sites showed the 


typ al histological appearances of lympho- 


sarc ma, the type cell being the lymphoblast. 
! om the primary nasopharyngeal tumour 
the was direct invasion and destruction 
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of the basisphenoid bone and extension as a 
thick layer beneath the dura. The sella 
turcica was largely destroyed and only the 
anterior lobe of the pituitary gland could be 
identified, it was of small size and embedded 
within a dense mass of tumour. 

Multiple sections of the brain revealed 
diffuse lymphoblastic infiltration of the 
subarachnoid space and also of many of the 
perivascular spaces in the subjacent brain 
substance. Similar infiltration was present 
in the meninges of the lumbar spinal cord 
and also in the fascicles of the nerve roots. 


Problem of diagnosis 


At the outset this child’s blindness was 
thought to be due to a _ retro-bulbar 
neuritis, which is frequently bilateral in 
childhood, unlike the commoner condition 
in adults. It is one of the rarer sequelae of 
measles or may occur following a period 
of vague ill-health; there is a sudden loss 
of vision accompanied by blurring or 
frank swelling of both optic discs. Usually, 
there are no other abnormal neurological 
signs and complete recovery is the rule 
within a few weeks (5). Occasionally, a 
bilateral optic neuritis may be the present- 
ing factor in neuromyelitis optica, but it 
is then commonly accompanied by signs of 
myelitis. 

Doggart (2) makes the point that when 
visual failure in childhood is of neurologi- 
cal significance, there are usually other 
symptoms to suggest that the trouble is 
not entirely ocular. In this child we were 
unable to find any other signs during the 
first three weeks of his illness. In retro- 
spect, the enlargement of the left cervical 
lymph nodes should perhaps have sug- 
gested the presence of generalised disease. 

Loss of visual function may precede 
the ophthalmoscopic changes and this is 
commonly the case when there is compres- 
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sion of the optic nerve or chiasma by a 
tumour. In childhood such a tumour is 
commonly a “glioma” of the optic nerve 
or a craniopharyngioma. In the former, 
there is usually unilateral loss of vision 
accompanied by proptosis, and even when 
the chiasma is involved, it is usual for one 
eye to be more grossly affected than the 
other. Radiography will show enlargement 
of the optic foramen. Craniopharyngio- 
mata produce a more gradual loss of 
vision, especially affecting the temporal 
fields; the fundi may show papilloedema or 
atrophy but the loss of vision is 
greater than would be expected 
from the ophthalmoscopic appearances. 
Radiographic changes include destruction 
of the sella together with calcification 
above it and the signs of raised intra- 


optic 
often 


cranial pressure. 

Other demyelinating diseases or tu- 
mours affecting the optic radiations or 
visual cortex may rarely cause blindness, 
but it must be exceedingly uncommon 
for this to happen without other neurolo- 
gical signs. 

It was not until this boy developed 
progressive enlargement of the cervical 
glands, together with downward dis- 
placement of the soft palate, that the 
true nature of the disease was suspected. 
X-ray examination of the skull then 
showed a soft tissue mass in the naso- 
pharynx and a biopsy confirmed the pre- 
sence of a malignant tumour. 


Tumours of the naso-pharynx 


Whilst local symptoms such as _ nasal 
discharge, bloodstained sputum, discom- 
fort in swallowing, nasal quality of voice 
(from Eustachian tube 
result from _naso- 


and deafness 


obstruction) often 
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pharyngeal tumours, they are by no m: 
the most frequent initial manifestations, 
In a series of 454 cases (7 of whom were 
children), Godtfredson (3) found that the}! 
commonest initial symptom of malig: ant 


tumours arising in the naso-pharynx 
cervical glandular enlargement (32 0%)? 
Next in descending order of frequency 
were nasal obstruction, with or without 


Vas 


excessive nasal discharge, (30%) and im. 
pairment of hearing, sometimes accom. 


panied by other symptoms of Eustachian , 
canal obstruction (22%). In 16% of 
cases, various neurological syndromes 


were the mode of presentation, the most 
frequent of which were trigeminal neural- 
gia or paresis of the sixth cranial nerve. 
Unlike the commoner initial symptoms, 
which were usually an isolated finding, 
over half of those patients with neurologi- 
cal symptoms had concurrent cervical 
lymphadenopathy or nasal obstruction. 
Godtfredson describess only one case in 
which vision was affected, a man of 31 
who, when seen because of nasal obstruc-; 
tion, was found to have nystagmus and 
impaired vision. In no instance was blind- 
ness a presenting symptom. 

In a group of 132 patients with post- 
nasal tumour, Lambert (4) found that the 
chief presenting features were cervical 
metastases (46), nasal obstruction (28), 
neuralgia (26), and epistaxis (15). |ess 
frequently the onset was marked by n1sal 
discharge (6), dysphagia (3), proptosis (2) 
and involvement of the oculo-motor ‘er-, 
ves (2). Again in no instance was blind 
a presenting symptom, though it occu: red 
once at a later stage of the disease. 

A case showing many features sin lar 
to our own was discussed at the R: yal 
Society of Medicine by Vulliamy (6). ‘he 
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ans) patient was a four-year-old boy who 
‘ions. developed unilateral blindness with exoph- 
vere thalmos, and was subsequently found to 
t the! have a lymphosarcoma arising in the naso- 
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pharynx. 
Lymphosarcoma in childhood 


Though by no means rare, lymphosar- 
coma must be ranked among the less 
common neoplasms of childhood. There 
is a marked preponderance of affected 
males, as at other ages and with other 
lymphoid tumours, but no distinctive 
age distribution. 

There is no absolute demarcation be- 
tween lymphosarcoma on the one hand and 
lymphatic leukaemia on the other and 
this relationship is emphasised by the 
relatively frequent occurrence of a leukae- 
mic phase during the course of the former. 

Lymphosarcoma is one of the most 
invasive of tumours and its aggressiveness 
is emphasised by a very rapid evolution 
in the majority of instances. Apart from 
actual metastatic dissemination, there 
is evidence to suggest that the neoplastic 
process may be multicentric or systematised 
in its origin. In view of these features, any 
attempt at delineation of the sites of 
“primary” growths is to some extent 
arbitrary; nevertheless, information on 
this point has a certain clinical value, in 
differential diagnosis and elsewhere. 

with lymphosarcoma usually 
com under medical attention in one of 
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three with 
vascular disturbances from a mediastinal 
tumour; with an abdominal mass which 
may be retroperitoneal, or alternatively 
involves the bowel wall and frequently 


ways: respiratory and/or 


leads to intussusception; or with enlarge- 
ment of a group of superficial lymph 
nodes, usually cervical in situation. Whilst 
these are the main modes of presentation, 
occasional cases of lymphosarcoma may 
come under observation for a variety of 
reasons, such as enlargement of salivary 
glands or testes, subcutaneous masses, 
ete. (1). In the instance described the 
primary tumour occupied an uncommon 
situation and gave rise to most unusual 
manifestations. 


Summary 


1. An unusual case is described of a 
boy with lymphosarcoma of the naso- 
pharynx who presented with blindness. 

2. The problems of diagnosis are discus- 
sed. 

3. The features of nasopharyngeal tu- 
mours and of lymphosarcoma in child- 
hood are briefly reviewed. 
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CASE REPORT 


Salmonella Septicemia and Aplastic Crisis in a 


Patient with Sickle-Cell Anemia 


by HERCULES MEGAS, EVANGELIA PAPADAKI and BASIL CONSTANTINIDES 


From the Pediatric Clinic of the University of Athens 
y 


The erythroblastopenic or aplastic crisis 
occurring either in patients with an estab- 
lished hemolytic process or in hematologi- 
cally normal persons is a well-documented 
syndrome (3, 4, 5, 6, 9, 10, 13). Vague ill- 
nesses, suggestive of respiratory infec- 
tions, proven infectious agents, drugs and 
toxic agents have been shown to trigger 
its onset. 

It is the purpose of this communication 
to report a case of aplastic crisis in a pa- 
tient with sickle-cell anemia during the 
course of a septicemia due to Salmonella 
typhimurium. 


Case Report 


G.N., a 4-year-old boy, known to have had 
sick!e-cell anemia since the age of 30 months, 
was admitted to the hospital with complaints 
of low grade fever, generalized malaise and 
anorexia of two weeks duration. The pa- 
13-month-old sister remained well. 
‘xe past history revealed that the patient 
had had pertussis at the age of 2 years. He 
experienced joint pains for the first time at 


tients 


the age of 30 months and the diagnosis of 
sick »-cell anemia was established. He was 
nev: transfused nor was he observed to be 
jaur liced at any time. 


ysieal examination revealed a_ well- 
dev oped child who appeared moderately 
ill. ‘emperature 38°C, pulse 130, respira- 
tion 32. The sclerae were slightly icteric and 
the .ucus membranes pale. Examination of 
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the chest revealed no abnormalities, except 
for a soft apical systolic murmur. The liver 
was palpable 2 cm below the right costal 
margin and the spleen 24 cm below the left 
costal margin. No joint changes or neurologi- 
cal abnormalities were present. 

Laboratory data. The urine was normal 
except for 1 + albuminuria. The hemoglobin 
concentration was 5.3 g/100 ml. The blood 
contained 8000 wbhc/mm! with a differential 
count of 48% nonsegmented neutrophils, 
7% segmented neutrophils, 4% eosinophils, 
2% monocytes and 39% lymphocytes. A 
sickle preparation was positive. Fetal hemo- 
globin was 13%. Before transfusion paper 
electrophoresis of hemoglobin revealed only 
S type hemoglobin. Total serum bilirubin 
was 1.5 mg/100 ml with direct 0.0 and in- 
direct 1.5 mg/100 ml. A direct Coombs test 
was negative. Chest film was reported as 
normal. 

The patient was thought to have a pain- 
ful hemolytic crisis. However, the reticulo- 
cytes were not counted, nor was special 
attention paid to the peripheral smear 
regarding the degree of polychromasia. 

Course. On the day of admission the pa- 
tient was given 160 ml of fresh blood, seda- 
tives and aspirin. The hemoglobin level on 
the next day was 8.8 ¢/100ml. From the second 
hospital day he was given 30 mg prednisone 
daily. For the first four days of his hospital stay 
he ran a low-grade fever and was complaining 
of abdominal and joint pains. Thereafter he 
started spiking a high fever, his jaundice 
increased and the abdominal pain became 
more intense. His spleen ceased to be pal- 
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pable, however, the liver was constantly 
enlarging and became extremely painful on 
palpation. A blood culture was obtained 
following which treatment with penicillin, 
streptomycin and chloramphenicol was be- 
gun. On the 7th hospital day the total bili- 
rubin was 7.8 mg/100 ml (direct 5.1 and 
indirect 2.7 mg/100 ml). The urine showed a 
3+ reaction for urobilinogen. Other studies 
included cephalin floculation 3+ and thy- 
mol turbidity 1 +; peripheral blood contain- 
ed 3000 wbhc/mm! with a differential of 12% 
segmented neutrophils, 23% nonsegmented 
neutrophils, 2% eosinophils, 6% monocytes 
and 57% lymphocytes. The reticulocyte 
count was 0.0% and the peripheral blood 
smear contained numerous target cells and 
sickle cells; one nucleated red blood cell per 
100 white blood cells was counted; and 
thrombocytes were decreased. The marrow 
was cellular, but only a few orthochromato- 
philic normoblasts were seen. The granulo- 
cytic and megacaryocytic series showed a 
shift to the left, and the E:G ratio was 
1:15. A moderate increase in plasma and 
reticulum cells was present. giant 
pronormoblasts were seen. 

During the next three days the general 
condition of the patient rapidly deteriorated. 
High spiking fever continued as did severe 


Hospital Days 


Fig. 1. Graphic representation of the clinical and hematological course. 


abdominal pain mostly in the right upper? 
quadrant. The liver was palpable 8 cm below, 
the right costal margin and extremely pain- 

ful. Digitalization had no effect upon the 

liver size. At no time during the clinical 

course did the patient appear to have heart 

failure, nor were abnormal focal neurological 

findings detected. On the 11th hospital day 

the patient became disoriented and expired , 
late in the afternoon of the same day. 

Throughout the clinical course the hemo-| 
globin level was maintained above 5.8 

g/100 ml by fresh blood transfusions. At 

no time was he given more than 200 mi of 

blood daily. It was of interest to observe 

that the hemoglobin level on the day aiter 
transfusions fell again to pre-transfusion 

levels (Fig. 1). 

Salmonella typhimurium was cultured 
from the blood which was obtained on the 
fifth hospital day but was not repo*ted 
until tw | days after the patient’s death. 


Discussion 


In some way salmonellosis seems t:: be 
specifically related to sickle-cell ane nia. 
Of the patients with sickle-cell anc mia | 
studied at John Hopkins Hospital, _" 
great majority of bacteremias were du» to 
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salmonella organisms (1). In 1951, Hodges 
& Holt (7) pointed out the correlation 
between salmonella osteomyelitis and 
sickle-cell anemia. Since then, there have 
been an increasing number of reports 
pointing out this correlation not only for 
patients with sickle-cell disease but other 
hemoglobinopathies as (14). To 
explain this occurrence several factors 


well 


have been mentioned; capillary thrombosis 
in the gastrointestinal tract may predispose 
to invasion by the intestinal organisms. 
Debility and ‘‘autosplenectomy”’! in these 
patients may decrease their resistance to 
infection; once in the blood stream, sal- 
monella organisms may lodge in necrotic 
and ischemic areas resulting from the sick- 
ling process; decreased local resistance due 
to ischemia may permit the growth of 
dormant organisms, thus explaining the 
observation that sickle-cell crisis often 
precedes symptoms of osteomyelitis (17). 

Because serial reticulocyte counts and 
bone marrow studies have not been report- 
ed in these particular patients, the fre- 
quency of aplastic crisis remains unknown. 

Chernoff & Josephson (3) reported the 
first case of aplastic crisis in a patient 
with sickle-cell anemia and salmonella 
cholerae suis bacteremia. A possible second 
case was reported by Silver et al. (14). 
In retrospect our case is of unique interest 
because of the many factors involved. 
In addition to the previously described 
course, it appears that in the middle of 
the septic course, an ‘‘autosplenectomy”’ 
toc place, the liver increased in size 
an‘ the patient became more jaundiced. 


Jue to fibrosis, the spleen of patients with 
Sic cell disease is reduced to a tiny mass, thus 
in is respect these patients practically have no 
sp: -n (“Autosplenectomy’’). 


The effect of cortisone and similar 
adrenocortical steroids in the initiation and 
progress of bacterial infections remains a 
controversial issue. It has been suggested 
that relatively small doses may increase 
resistance to infection in animals (11, 12). 
However, the vast weight of evidence sug- 
gests that cortisone and similar adreno- 
cortical steroids decrease resistance to in- 
fection (2). Although cortisone has been 
found to be of value as an adjunct in the 
treatment of typhoid fever (18), it has not 
been shown if hormone therapy should 
be used in other salmonella infections 
(15). In experimental salmonellosis it has 
been shown that, when hormones were 
administered before inoculation of the 
rat with typhimurium, 
increased the mortality even though 
chloramphenicol had been given at the 
time of infection. The rapid deterioration 
of the general condition of our patient 
may be related to the use of steroids 
coupled with the “autosplenectomy’’. His 
death was mainly attributed to a over- 
whelming salmonella typhimurium septi- 


sal. cortisone 


cemia. 

In our case steroids did not have a 
favorable effect upon the evolution of the 
aplastic crisis. Furthermore, they did not 
prevent the emergence of an aplastic 
crisis in a patient reported by Silver 
et al. (14). Steroids were found to be of no 
real value in the management of aplastic 
crises in two patients reported by Miesh 
et al. (9). For these reasons as well as the 
experimental studies the use of steroids 
may be contraindicated in patients with 
sickle-cell anemia during crisis. Steroids 
may alter the host resistance sufficiently 
to provide a foothold in these particular 
patients for salmonella septicemia or they 
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may decrease the host’s resistance to an 
already existing salmonella infection. 

Aplastic crises in patients with sickle- 
cell anemia have been reported to occur 
during the course of viral pneumonia (13), 
mesenteric adenitis (9), vague upper respi- 
ratory infections (3), and salmonella in- 
fection (3). Our patient is the third case in 
which salmonella infection served to 
trigger the onset of aplastic crisis and makes 
the salmonella organism the most fre- 
quently proven infectious agent respon- 
sible for the establishment of an aplastic 
crisis in patients with sickle-cell anemia. 

Because of this a blood 
culture should be obtained in every patient 
with sickle-cell anemia during crises, to 
rule out salmoneila infection. 

From the experience reported in the 
literature (3, 6, 13) infectious processes 
appear to be the most frequent cause of 


The 


mechanisms responsible for the establish- 


association 


aplastic crises. pathophysiologic 
ment of such crises in patients with an 
established hemolytic process have been 
discussed by Owren (10) and Singer ef al. 
(13). Hypersplenism is not thought to be 
responsible, either in inhibiting the mar- 
row or in causing increased hemolysis of 
the red cells. The ‘‘autosplenectomy” 
that occurred in our patient did not 
favorably effect the evolution of the aplas- 
tic crisis. 

The cessation of red-blood-cell produc- 
tion during crisis is a reversible phenome- 
non. The bone marrow will recover, provi- 
ding that the patient survives a sufficient 
length of time. Lack of polychromasia 
and reduction or complete absence of 
reticulocytes in the peripheral blood of 
a patient with an established hemolytic 
process are suggestive of aplastic crisis. If 
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such a crisis exists, an increasingly se ere 
anemia will occur and the bone mar.ow 
will show an impressive erythroid hy po- 
plasia. 

Basophilic cells with a diameter uj, to 
60 in the erythroid series have been ‘ies- 
cribed during crisis; these closely rese1: ble 
pronormoblasts in nuclear structure ind 
staining characteristics (6, 8). Such cells 
were not noted in the marrow of our paticnt. 
In addition to the reticulocytopenia in 
the peripheral blood, leucopenia and or 
thrombocytopenia may also be seen. This 
suggests the possibility that leucopenia and 
thrombocytopenia reflect an interference 
with the maturation of these elements. 

During an aplastic crisis in patients 
with an already established hemolytic 
process, the 
remains constant or may even fall. Oc- 


indirect serum bilirubin 
casionally the rate of hemolysis may in- 
crease (16), resulting in an_ increased 
indirect bilirubin. In our cases, both the 
indirect and the direct bilirubin increased 
while the patient was in crisis. This was 
attributed to liver damage due to salmo- 
nella septicemia and to the sickling pro- 
cess, although an actual increase in hemo- 
lysis could not be excluded. 

Aplastic crisis is a transitory cessation 
of red-blood-cell production, lasting 7 to 
14 days. In patients with a hemolytic «(is- 
order such an event is of serious import. 
During this period blood must be giver to 
maintain the hemoglobin values 
the critical level. The underlying inic- 
tious process that triggered the onset of 
the aplastic crisis has to be treated c- 
cordingly. It is not known if the succes: ‘ul 
management of the infectious proc ’ss 
will shorten the duration of the cri is. 

From our own experience (to be p b- 
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lished elsewhere) the bone marrow reco- 
very from the aplastic episode depends 
upon time and not upon the clinical course 
of the underlying infectious process. 


Summary 


A case of aplastic crisis in a child with 
sickle-cell anemia and salmonella typhi- 
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murum septicemia is reported. Salmonello- 
sis appears to be the most frequently 
proven infectious agent triggering the 
onset of aplastic crises in these patients. 
Steroids are of no real value in the manage- 
ment of the aplastic crisis. Their use in 
patients with sickle-cell anemia during 
aplastic episodes may be contraindicated. 
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CASE REPORT 


Tuberous Sclerosis in a Mother and Her New-Born Son 


by L. O. BRORSON, K. FREDGA, G. T. HULTQUIST, and P. 0. LUNDBERG 


From the Department of Paediatrics, Institute for Medical Genetics, Department of Pathology, 


and Department of Neurology, The University of Uppsala, Sweden 


Tuberous sclerosis or Bourneville’s 
disease is characterized by the symptom 
triad of sebaceous adenoma, epilepsy, and 
mental deficiency. Studies of families 
have shown it to be an inherited condition 
well-defined 


in which morphologically 


tumour-like foci occur in a number of 
organs; they can often be strikingly de- 
monstrated in the kidneys, heart and re- 
tina. The disease is not confined to any 
particular germ layer, but may affect one 
or several. The progressive nature of the 
cerebral lesion is reflected in the increasing 
degree of mental deficiency and progres- 
sive epilepsy; although less characteristic 
been described, the 
regarded as 


skin lesions have 


sebaceous adenomas are 
pathognomonic. 

The requirement of the above-named 
triad has prevented the diagnosis of tube- 
rous sclerosis in many atypical cases. 
However, by follow-up of these atypical 
cases it has been possible to trace a simple 
dominant character in up to 4 generations 
in many families (5, 8, 9). No hereditary 
factor has been demonstrated in most of 
the cases published in the literature, 
however, and it is probable that isolated 


cases do occur. 


About 10 % of the cases in the literature 
concern children under 3 years of age, 
and almost all of these have been diagno- | 
sed at necropsy (4). This is surprising 
since tuberous sclerosis is a congenital 
condition that usually makes its appear- 
ance before the age of 2 years (3, 5). It is 
explained by the facts that the first sign 
of illness is commonly an epileptic fit: 
that a mental defect may be difficult to 
assess in early childhood; that the initial 
skin lesions are uncharacteristic with 
regard to appearance and localization, the 
sebaceous adenomas not becoming ap- 
parent until a later date; and that the full 
clinical picture develops gradually, and} 
progresses slowly with increasing age. 

The present paper is devoted to an ac- 
count of 2 cases of tuberous sclerosis, in a 
mother and her child. They are interest ing 
because of the direct inheritance which 
they illustrate, and because post-mor‘em 
examination of the infant who was cnly 
one day old, revealed lesions typica of 
tuberous sclerosis. 


Case 1. M.M.B. (Record no 144/60, D:pt 
of Neurology). The patient was a wo ian’ 
of 28 years. Her parents were unmar ed. 
and the family history is therefore un :er-| 
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Fig. 1. Case 1. a) Sebaceous adenoma in the face. b) Paraungual fibroma and nail changes. 
ce) Gingival hyperplasia. 


Fig. 2. Case 2. Subependymal nodule in the wall of one of the lateral ventricles. Magnification 10 x . 


tain. Her father’s cousin was said to have 
major epileptic fits. See below regarding the 
patient’s son. 

The patient had an 8-year elementary- 
education, after which she had 
worked as housemaid until she married at 
27 vears of age. 

‘ast illnesses included infectious hepatitis 
at ‘he age of 10 years. Since the menarche 
hac not occurred at 17 years, hormone treat- 
ment was instituted and continued for 2 
yeors, at which time the periods became 
re lar and apparently normal. 

om about the age of 17 the patient suf- 


school 


fer. | from fits; thus, these made their ap- 
pe vance at about the time hormone treat- 
met was commenced. The patient states 
tl its start with dizziness and a feeling 


of fainting; she has no memory of what 
happens during the next 30-60 seconds. 
Although the attacks may occur at any time, 
for example when the patient is drying dis- 
hes, when she is out cycling, or when at- 
tending to a child, she is able to continue 
her work, the only outward sign being pallor 
and flushing of the face. Without treatment 
she had up to about 10 fits per day but 
following treatment with phenantoin and 
phenobarbital which was started in 1953 
they have occurred only at long intervals. 
There have never been convulsions during 
these fits; she has never fallen to the ground, 
has never been incontinent of urine or faeces, 
nor has she ever bitten her tongue. 

The patient became pregnant in 1959, 
the date of her last menstrual period being 
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March 31. After an essentially normal preg- 
nancy she was delivered on January 22, 
1960, about 2 weeks after the expected date 
of confinement. During and after delivery 
the patient lost 1800 g of blood. The pla- 
centa, which was rigid, manually 
removed. 

On admission to the neurological depart- 
ment on April 19, 1960, the patient was 
ecbese and of average height. Over the 
bridge of the nose, the alae nasae, and the 
cheeks adjacent to the nose were a number 
of yellowish-white swellings up to the size 
of a rice grain (Fig. la), the appearance of 
which was typical of sebaceous adenoma. 
There were a number paraungual, reddish, 
soft swellings up to the size of a pea (Fig. 
1b). At the level of each tumour there was 
a deep groove in the nail itself. The morpho- 
logy of the swellings proved to be the same 
as that seen in paraungual fibromata. The 
papillae of the tongue were slightly enlarged. 
The gum behind the upper incisors was 
deeply and irregularly lobulated, the sur- 
face having the appearance of normal gum 
mucosa (Fig. 1c). The histological appear- 
ance was that of non-specific hyperplasia 
and inflammation, and was probably not 
due to tuberous sclerosis (the patient had 
received phenantoin). The hard palate was 
unusually high and narrow, but otherwise 
there were no abnormal findings in the ears, 
nose, or throat. The distribution of hair was 
normal. The abdomen was rather adipose, 
with striae gravidarum. No abnormalities 
of the internal organs were noted. The 
results of oto-neurological and ophthalmo- 
neurological examination were normal. 

Experimental psychological examination 
showed that the patient’s capacity in most of 
the tests was under the average. The pa- 
tient’s intelligence was obviously sub- 
normal. 

The EEG was pathological, with modera- 
tely marked, continuous, non-specific ab- 
normality in the right fronto-temporal 
region. 

X-ray of the skull, including tomography, 
disclosed slight to moderate hyperostosis 


was 
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frontalis interna. Within the right fro ital} 
region there were extensive plaque. like | 
patches of calcification in an area slig itly | 
larger than a walnut. There were also suspi- 
cions of similar scattered plaques in |ioth 
parieto-temporal regions. 

X-rays of the chest and abdomen were 
normal. The ECG was normal. The routine 
blood and urine tests gave normal results 
except for slight anaemia (Hb 10.7 ¢%). 
The Wassermann, Kline, and Meinicke reac. 
tions were negative. The Sabin-Feldman dye 
test and the complementfixation test for 
toxoplasmosis were negative. The patient’s , 
bloodgroup was O, D-negative. 

Case 2. (Record no 120/60, Dept. of 
Paediatrics). This patient, a boy, was the first 
and only child of Case 1. The expected date 
of birth was January 7, 1960; he was born on, 
January 22, 1960, in right occipito-anterior 


presentation, and weighed 3,840 g. The 
amniotic fluid was deeply stained with 
meconium. The mother had fits during 


labour, and was therefore given pethidine 
(50 mg) and sodium amobarbital (0.2 mg). 
Slowing of the foetal heart was noted several 
times during the hours before birth. 

Immediately after birth the infant was in ’ 
good condition after aspiration of mucous. 
An attack of deep cyanosis took place 1} 
hours after birth, and he was transferred to 
the paediatric clinic. On admission to the 
ward he was cyanotic and _ hypotonic. 
Respirations were shallow and infrequent, 
with dyspnoea and a piercing cry. Temprra- 
ture 32.5°C. There were no skin lesivns. ; 
Large quantities of mucous were aspira‘ed. 
The breath sounds were abnormal with 
crepitations on both sides. Repeated att cks 
of cyanosis took place during the next few 
hours, and the infant died during such an , 
attack 11 hours after birth. 

Laboratory tests. Estimation of barl tu- 
rate as amobarbital in certain organs ; ost 
mortem: serum 0.8 mg/100 ml; brain 0.1043 


mg/g wet weight; liver 0.023 mg/g vet 
weight. 

Necropsy. (Record no 56/60, Dept. of ! 
Pathology). 
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Fig. 3. Microphoto of the myocardial and cerebral changes in Case 2. a) Myocardium with changed 
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al to Cardiovascular system. 
» the Heart weight 24 g. There were numerous 
onic. subpericardial petechiae. On the outside of 
uent, | the anterior wall of the left ventricle there 
pera- were two slight nodules the size of a pea 
ions.) arising from and only slightly paler than the 
ved. muscle. Three similar pin-head size nodules 
with were present beneath the endocardium on 
acks the septal wall of the left ventricle. 
few \ieroscopical examination of the nodules 
han, dis: osed diffusely delimited changes in the 
mu--le fibres, including vacuolization and 
fus ‘orm enlargement (Fig. 3a), transverse 
ost str ‘ions demonstrable at isolated areas 
(43 on! , moderate quantities of glycogen, and 
vet no tty deposits. 
spiratory tract. A few petechiae were 
of? pr nt on both pleurae. The lungs had the 


co: steney of liver and were dark red in 
cor. Microscopical areas of atelectasis 


muscle fibers in the upper part of the photo. Magnification 170 x. Haematoxylin eosin stain. 
b) Brain nodule with gemistocyte-like cells. Magnification 450 x . Holzer stain. 


were demonstrated and, in certain areas, 
small foci of bronchopneumonia. 

Nervous system. The brain was of normal 
size, and no lesions were visible on the sur- 
face of the cortex. Small subependymal 
swellings up to about 5 mm in diameter 
were present in both lateral ventricles along 
the course of the terminal vein (Fig. 2). No 
other similar changes could be demonstrated 
at any other site in the brain. 

Microscopical examination of the lesions 
revealed the presence of numerous large 
cells rich in cytoplasm, some of them multi- 
nuclear. These were probably of glial type, 
and some resembled gemistocytes (Fig. 3b). 
The lesions also contained glial cells of usual 
appearance; and the medulla also contained 
isolated, pale large cells, although no such 
cells were seen in the grey matter of the 
cortex. 
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Fig. 4. Karyogram from normal skin of Case | showing a normal female chromosome complement. 


Spleen, lymph nodes, and bone-marrow. 
Microscopical examination 
merous large mono- or polynuclear mega- 
karyocyte-like cells with abundant cyto- 


plasm. Otherwise there were no changes in 


revealed nu- 


these organs. 

Abdominal viscera and endocrine organs. 
Microscopical examination of the liver 
showed either isolated, or small groups of 
large, pale cells with abundant cytoplasm. 
No other significant changes were seen in 
these organs. 

The placenta showed a large infarct about 
10 em in diameter, and several small infarcts. 
Histological examination revealed slight 
vasculitis in the umbilical cord. 

Bacteriological investigation of the post- 
mortem material disclosed no definitely 
pathogenic bacteria. 

The morbid-anatomical changes, localized 
chiefly to the brain and myocardium, tally 
exactly with the changes typical of tuberous 
the cause of death was due to 
atelectasis and bronchopneu- 


sclerosis; 
pulmonary 


monia. Whether or not these pulmonary 
lesions may be placed in relation to the pri-‘ 
mary disease, tuberous sclerosis, is impos- , 
sible to say. Pneumonia would seem to be a 
far less common cause of death in tuberous 
sclerosis than the cerebral lesions (including 
hydrocephalus) or cardiac abnormalities (6). 


) 


Chromosome studies in the mother! , 


Biopsies from the apparently normal skin 
of the left thigh and from a fibroma on the 
nail-bed of a toe from the mother were citlti- 
vated according to the standard cell culiure 
technique used at the Institute for Medical 
Genetics in Uppsala (2). Two and five pri- 
mary cultures respectively, were obtai’ ed. 
Considering the age of the patient (28) the 
cultures grew normally and good cytolo¢ ‘cal 
preparations were obtained after 24 dys. 


1 This investigation has been aided by a ¢ ant 
from the Foundation’s Fund for Researe in) 
Psychiatry to Professor Jan A. B6ok. 
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The cells derived from the fibroma showed a 
slightly better growth, probably due to a 
larger initial explant. 

Apparently undamaged cells from both 
cultures were examined cytologically. The 
majority of the cells had the normal diploid 
chromosome number (46) (ef. Table 1). 


TABLE 1. Chromosome counts. 


Chromosome number 


Total no. 
Tissue 44 45 46+1 46 of cells 
Normal — — 3 10 13 
Fibroma ] 30 32 


Three very distinct cells derived from the 
normal skin and five cells derived from the 
fibroma were matched and analysed in 
detail. All these cells showed a completely 
normal chromosome complement (Fig. 4). 
None of the cultures had an abnormally 
high frequeney of polyploid cells (0-4 per 
cent). 

A 17 year old male with tuberous sclerosis 
has been karyotyped earlier at the Institute 
for Medical Genetics in Uppsala. Cells derived 
from bone marrow showed a normal karyo- 
type with 46 chromosomes and XY com- 
plement. 


Discussion 


rhe full triad of symptoms was present 
in the mother and in such cases the diag- 
nosis does not usually present any dif- 
fic'ties. Classical tuberous sclerosis may 
be overlooked for years, however. It is 
“fore understandable that the first 
so! ‘ary symptoms in a child do not as a 
rui suggest this disease. In the infant 
th: iiagnosis was made solely on the basis 
of ‘he post-mortem findings. To what 
ex it the specific changes of tuberous 


527 


sclerosis contributed to the child’s death is 
difficult to assess. The probable cause of 
death was atelectasis and pneumonia, 
presumably secondary to a long and dif- 
ficult delivery, and with some effect of 
barbiturate in addition. Since it is known 
that infants dying with this disease during 
the first years of life usually do so as a 
result of heart failure, and, further, since 
this patient was found to have anomalies 
of the heart, cardiac failure may well have 
contributed to the development of the 
respiratory illness. 

The fits which 
commonly first occur before the age of 2 


in tuberous sclerosis, 


years, do not differ in any way from fits 
of other cause, and therefore do not give 
any clue to the diagnosis except as part of 
a typical symptom complex. If tuberous 
sclerosis is to be excluded in a child with 
fits the physician must base his opinion on 
other findings. The skin lesions do not 
acquire the characteristic appearance of 
sebaceous adenoma until the child has 
reached school age, although other less 
typical skin anomalies are commonly seen 
during the first years of life (3). The pre- 
sence of renal malformations does not as 
a rule provide a clue, as these are often 
clinically non-specific and silent until 
so late that the neurological and cutaneous 
manifestations have already indicated the 
diagnosis. 

Some help can be obtained from roent- 
genological and electrocardiographic in- 
vestigations, however. Calcification can 
occasionally be demonstrated in the 
cerebral foci, and in not a few cases the 
presence of foci has been shown by air 
encephalography (7). Furthermore, during 
recent years typical roentgenological chan- 
ges in the lungs and bones have been 
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described in advanced cases (1). A cor- 
responding change, phakoma, is seen in 
the retina. Death from cardiac failure is 
common (4) in young patients. The myo- 
cardial lesions may cause cyanosis, en- 
largement of the heart, tachycardia, and 
electrocardiographic anomalies. 


Summary 


Changes typical of tuberous sclerosis 
were observed in a 28-year-old woman 


and her one-day-old son. The clii.cal 
signs in the woman were skin lesi ns,| — 
epileptic fits, and low intelligence. In the 
boy the diagnosis was based on_ post- 
mortem findings, notably changes in the 
heart and brain. The diagnostic criteri. of 
this disease are discussed. No chromosomal 
abnormalities were found either in the! 
normal skin nor in the fibroma on the | 


nail-bed of the mother. 
) 


References 


1. AsuBy, B. W., RaMAGE, D.: Lesions of the 
vertebrae and innominate bones in tube- 
rous sclerosis. Brit J Radiol, 30: 274, 1957. 

2. BOox, J. A., Fraccaro, M., and LINDSTEN, 
J.: Cytogenetical observations in mon- 
golism. Acta Pediat (Upps), 48: 453, 
1959. 

3. Crao, D. H. C.: Congenital neurocutaneous 
syndromes in childhood. J Pediat, 55: 447, 
1959. 

4. Despre, R., THIEFFRY, S., Mozziconaccl1, P., 
BARGETON, E. and Ramapeg, J.: La 
sclérose tubéreuse de Bourneville chez le 
nourrisson et le petit enfant. Arch Franc 
Pédiat, 9: 342, 1952. 


Submitted Dec. 20, 1960 
Accepted Dec. 30, 1960 


A 

5. Eneuisu, D. A.: Tuberous sclerosis. Arch Pe-| gym 

diat, 66: 24, 1949. . 

6. HALLERVORDEN, J. and Kri'cKEe, W.: Die} 

tuberése Hirnsklerose. Handbuch der jn ¢ 
Spez. Path. Anat. und Histol. 13/4: 602, , 

1956. othe 

7. Intine, E.: Pathologisch-anatomisch kon-  gen¢ 

trollierte Encephalographien bei tuberéser 


wart 


Sklerose. Z Ges Neurol Psychiat, 176: affe 

160, 1943. upp 
8. LAHDENSUU, S.: A case of tuberous sclerosis. 

Acta Pediat (Upps), 34: 1, 1947. asep 


9. MARSHALL, D., Saut, G. and Sacus, E.: nisn 
Tuberous sclerosis. New Engl J Med,’ isi 
261: 1102, 1959. 


mat 
(L.0.B.) Department of Paediatrics 

Akademiska sjukhuset | 
Uppsala bein 
Sweden 


with 


deci 


pear 
can 
whi 
toid 
one 


of 7 


\ 

|__| 

gal 
or} 
eli 
in 

) fro 
Fi 


ch Pe. | 


: Die } 
der 
602, , 


kon- 
eroser 
176: 


Med, ? 


atrics 


Acta Peediatrica 50: 529-544. Sept. 1961 


PROGRESS IN PEDIATRICS 


The Diagnosis and Course of Rheumatoid Arthritis and 
Benign Aseptic Arthritis in Children’ 


by BO HELLSTROM 


From the Department of Pediatrics, Karolinska Sjukhuset, Stockholm, Sweden 


Arthritis and arthralgias are not rare 
symptoms among patients in a pediatric 
ward. In some the etiology is obvious as 
in cases of septic infectious arthritis. In 
others, however, the etiology and patho- 
genesis may be more obscure, the joint 
affection frequently following an acute 
upper respiratory infection. these 
aseptic conditions an allergic-toxic mecha- 
nism seems probable and the affection may 
be labelled postinfectious arthritis. Rheu- 
matic fever can be regarded as an entity 
within this group, the heart involvement 
being the outstanding feature and the 
decisive factor for the prognosis. It ap- 
pears that an allergic-toxic mechanism 
can also be implicated in arthralgias 
which occur in some cases of anaphylac- 
toid purpura and in the arthritis, which is 
one of the extraintestinal manifestations 
of uicerative colitis. 

i ecumatoid arthritis (RA) can be re- 
gard as an aseptic arthritis of unknown 
ori; . which runs a prolonged course. The 
clir -al features in children which vary 
in ‘\eir pattern from an insidious and 


' 1e¢ study was made possible by a grant 
tro Férstamajblommans Riksférbund mot 
Fo ikdomarna, Gothenburg, Sweden. 


undramatic picture to a fullblown, sep- 
sis-like condition, represented by the 
syndrome of Still and Wissler’s ‘‘subsepsis 
allergica”’ (28, 30, 33, 34), have been con- 
firmed in several recent reports (8, 9, 
17, 22, 25, 29). It is generally agreed that 
most cases in children show certain com- 
mon trends when compared to adults with 
the disease. These include the greater 
tendency for larger joints to be affected 
early in the course, the common acute 
onset, the relatively high incidence of 
visceral symptoms and eye lesions, and 
the demonstrating the 
rheumatoid factor in the serum (35, 36). 

The diagnosis in a child presenting a 
long-standing, symmetrical, aseptic poly- 
arthritis with or without systemic signs 
hardly offers any difficulties, the only 
problem being to differentiate the condi- 
tion from other more malignant collagen 


difficulties in 


diseases such as disseminated lupus eryt- 
hematosus. On the other hand, there may 
be difficulties at the other end of the spec- 
trum of severity in demarcating RA from 
other more benign conditions, variously 
labelled as ‘‘postinfectious” arthritis or 
nonspecific synovitis. These children do 
not have severe extraarticular systemic 
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manifestations, relapses may occur, but 
the joint process is not destructive and no 
permanent disability results. It can be 
claimed that these represent unusually 
mild cases of RA; however it seems more 
reasonable to demand certain minimal 
diagnostic criteria in order to be able to 
compare experiences from different clin- 
ics. The well-known diagnostic criteria 
for RA in adults elaborated by the Ameri- 
can Rheumatism Association (6, 25) are 
not applicable without modification when 
dealing with children. In this investiga- 
tion an attempt has been made to estab- 
lish criteria, special attention being paid 
to the characteristic features of the disease 
in childhood, and to try to present them 
in a simplified and perhaps more sur- 
veyable way. A clinical and prognostic 
comparison has been made between cases 
fulfilling these criteria and cases not ful- 
filling them; the latter have in this report 
been labelled aseptic arthritis 


(BAA). 


Prognostic studies of RA in children have 
yielded varying results, to a large extent 
depending on a differing selection of the ma- 
terial. Since 1948 the experience from several 
large clinics has been reported. Bille’s series 
comprised 65 children (4) with a disease of 
long duration. In spite of this the majority 
improved following chrysotherapy indicating 
some reversibility of the condition. Schle- 
singer’s material (26) consisted of 20 cases 
with acute onset and high fever, showing the 
features of Still’s disease. Complete recovery 
with no obvious residual arthritis was the 
final result in three, varying degrees of 
residual defects remained in 11, four had 
died and in two the disease was still active. 
Sury in 1952 published a detailed report on 
151 cases (29). The mean observation time 
was 12 years and at the follow-up examina- 
tion 39 per cent had healed without defects, 
32 per cent had residual lesions, not severely 


benign 


I 
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handicapping the patient, whereas 29 per } mo! 


cent were seriously invalided and 8 per «ent 
had died. The prognosis seemed to be worse 
in cases with an acute onset. Barkin also in 


1952 reported 51 cases (3) with onset be fore 
12 years of age with a remarkable incid :nce 
of significant heart disease (31 per cent); 
Still’s severe type of juvenile RA was present 
in about 35 per cent. A relatively large | 
proportion of Barkin’s cases were serious as 
reflected in his pessimistic dictum ‘once an | 
arthritic always an arthritic’. Following an | 
observation time varying from a few up to 
40 years after hospitalization, 20 per cent} 
had died, 39 per cent were incapacitated and 
41 per cent had a functional recovery permit- 
ting performance of all or almost all normal 
activity. In 1955 Fyfe reported on 72 child. | 
ren with RA (12), 56 of whom had a recent 
follow-up examination. The duration of 
observation varied from a few to 25 years.: 
In 61 per cent of the examined children the 
disease had not shown any signs of activity 
during the preceding two years and approxi- 
mately two-thirds of these had recovered 
without sequelae. Less than 10 per cent of 
those followed-up showed a more significant 
handicap. An even more optimistic view 
was expressed by Grokoest and co-workers 
in 1957 (14). Of their 110 patients examined 
an average of nine years after onset of the 
disease, eight had died, 76 per cent of the 
remainder had recovered, 22 per cent had a 
slight to moderate handicap and only twoy 
per cent were severely incapacitated. d- 
strém & Gedda reported a prognostic study: 
(9) dealing with 90 children. Five of them 
had the picture of Still’s syndrome, two of 
whom died, one became invalided and two 
recovered. The 85 other cases, called juvenile 
rheumatoid arthritis, showed complete re-) 
covery without residual symptoms in 6? 
per cent, whereas 31 per cent showed varying 
degrees of incapacity. One child died and five 
showed persistent signs of activity rende ring 
a definite evaluation of the outcome dif. 
ficult. Norcross et al. collected 62 cases 
published in 1958 (21) with an observe ‘ion? 
time in all of them exceeding seven y: al’. 
The average duration of activity wa 66 
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months. Two-thirds had only one period of 
activity, but recurrences had been _ ob- 
served following an interval of 20 years. 
The disease was inactive in 73 per cent at the 
follow-up examination. Two thirds had re- 
covered entirely or almost completely, the 
rest showing varying degrees of handicap. 
Close to five per cent had died. The 16 chil- 
dren with the clinical picture of Still’s syn- 
drome had the worst prognosis. Sairanen, in 
1958, published a report dealing mainly 
with the roentgenological aspects of 100 
patients with juvenile RA (25). His material 
apparently represents a selection of more 
chronic and disabled cases. Twenty-two 
were considered arrested and 15 of these 
were largely incapacitated after an average 
duration of 13 years. Kéttgen & Callensee in 
their monograph (19), based on inquiries 
from different hospitals, found that at 
discharge the disease was still active in 
three fourths of the patients. No follow-up 
examination was performed. Ansell & By- 
waters, in 1959, reported on their vast ex- 
perience of more than 200 cases of juvenile 
RA (2). Thirty-one per cent showed a more or 
less continuous course and 22 per cent an 
intermittent one. Close to half of them had no 
residual activity of the disease; the active 
period in these cases had been an average of 
7.4 years. One hundred and sixteen of their 
children had a follow-up examination five 
years after onset of the disease. The progno- 
sis turned out to be quite favorable with 
normal functional activity or only a slight 
handicap in 98 per cent if the patients had 
been seen by a physician; within one year 
afte this onset, 44 per cent were entirely 
symotom free. If not seen during the first 
year the cerresponding figures were 61 and 
13 per cent. From the follow-up 10 years 


afte: the onset it was concluded that some 
fur: er improvement could in general also be 
seer during the second five-year period. 

the investigations mentioned above 
th: arying results can easily be explained 
by se differing geographical and social 
fac +s, diverging principles of selection 
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and heterogenous classification. The dis- 


tinction from other types of aseptic 


arthritis has sometimes not been well de- 
fined. 


Present investigation 


Records of children with arthritis treated 
in pediatric departments of four Stockholm 
hospitals from 1952 to 1957 were collected 
for a preliminary screening. The following 
were eliminated from the study: patients, 
whose total duration of joint symptoms was 
shorter than three weeks; those where a 
septic etiology could be proved or seemed 
probable or where rubella had preceded the 
symptoms; children with allergic purpura, 
ulcerative colitis, psoriasis, leukemia, other 
collagen diseases, or when the criteria for 
the diagnosis of rheumatic fever according 
to Wallgren 1957 (31) were fulfilled. Ninety- 
one remained after these cases had been 
excluded. During the period July 1959 to 
March 1960 eighty-four of these children 
were examined by the author; an additional 
three were examined by other physicians. 
Four children could not be traced or were not 
willing to cooperate. The group investigated 
consisted in part of typical cases of rheuma- 
toid arthritis and partly of aseptic arthritis 
of a more benign character. The data from 
the records were collected to formulate a 
classification which utilized criteria described 
later in this paper as well as those suggested 
by the American Rheumatism Association 
for the diagnosis of rheumatoid arthritis. 
It must be pointed out, however, that the 
charts were incomplete in several instances 
for the obvious reason that they had not 
been written with these special criteria in 
mind. The subsequent course of each patient 
was analyzed from anamnestic data collected 
at the time of follow-up, from a complete 
physical examination and, in some cases, 
from X-ray and laboratory studies. 

The main diagnostic grouping of the pa- 
tients was based on the following criteria. 


i 


Major criteria 


1. Objective arthritis symptoms from one 
joint observed by a physician and of a con- 
tinuous duration of at least six weeks. 

2. One or several additional joints affected 
according to the same qualification and with 
the same duration. An interval exceeding 
three months between the time the first and 
subsequent joints were affected was accepted. 

3. Significant agglutination titer indicating 
presence of “‘the rheumatoid factor’. 

4. Typical X-ray changes. 

5. Biopsy showing characteristic changes. 


Minor criteria 


1. Continuing active arhritis of one joint 
observed by a physician for at least three 
months totally, or a recurrence with a dura- 
tion of at least six weeks. 

2. Morning stiffness. 

3. Subcutaneous nodules. 

4. Erythema multiforme rheumatoides. 

5. Iridocyclitis, uveitis or band-shaped 
keratitis. 


Exclusions 


Findings indicating a septic, tuberculous 
or viral etiology, salmonella infection, urinary 
tract infection, disseminated lupus erythe- 
matosus, periarteritis nodosa, leukemia, ul- 
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cerative colitis, anaphylactoid 
psoriasis, agammaglobulinemia, rhewnatic 
fever. 

Two major criteria or one major an: two 


minor were required for the diagno is of 
rheumatoid arthritis presupposing th: 
clusion factors were absent. Cases in this in- 
vestigation not fulfilling these criteria 
called benign aseptic arthritis. 


ex- 


were 


Results 


Of the 87 patients, seen in a follow-up 
examination, 48 fulfilled the diagnostic | 
criteria of rheumatoid arthritis (RA); the | 
number labelled benign aseptic arthritis | 
(BAA) was 39. These two groups were | 
compared as to the clinical picture and | 


course. 
Heredity.—The incidence of different 
types of “rheumatic” diseases among 


relatives is shown in Table 1. The inci- 
dence was similar in the two groups. 

Sex ratio.—The preponderance for girls 
is shown in Table 2 and was of similar, 
magnitude in both groups. 

Age.—The age at onset is illustrated in 
Fig. 1. It is clear from this that in the RA 
group the disease had an earlier onset, 


TABLE 1. Heredity for rheumatic diseases. 


Other relatives 
(grand-pare 


Mother Father Siblings uncles, aunts, ¢o1isins) 
BAA (39 cases): 
Acute polyarthritis, rheumatic fever 
benign aseptic arthritis 2 2 0 0 
Rheumatoid arthritis 0 0 0 3 
Non-classifiable ] 0 0 0 
Positive heredity for all types in 21% 
RA (48 cases): 
Acute polyarthritis, rheumatic fever 
benign aseptic arthritis 3 0 0 2 
Rheumatoid arthritis 1 0 0 1 
Non-classifiable 0 0 2 


Positive heredity for all types in 25%. 
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AGE AT ONSET 


BENIGN ASEPTIC ARTHRITIS 
RHeumaroio ARTHRITIS 


NUMBER 


10 2 13 14 «+15 


YEARS 


Fig. 1. Age at onset in BAA and RA. 


TABLE 2. Sea distribution. 


BAA 26 13 2/1 
RA 31 17 1.8/1 


being most common before 5 with a peak 
between 2 and 3 years of age. In contrast 
BAA occurred more commonly in older 
children, the peak appearing between 10 
and 11 years of age. 

Preceding infection.—A history of an 
upper respiratory infection preceding the 


joint symptoms was a common finding in 
both groups. Such a history within four 
weeks before the onset occurred in 15 of 
the 3) BAA group and in 14 of the 48 
childe*n with RA. In order to analyze the 
impe-!anee of a preceding infection in 
mor: ‘etail a further comparison was made 
rega’'ing evidence of this association. 
Amc + children admitted within 3 weeks 
of th onset or recurrence of joint symp- 
tom: nly a few in both groups had signi- 
fican findings of an acute upper respira- 


34 73115 Acta Paediatrica Vol. 50 


tory infection. Nose and throat cultures 
were performed in most of the children 
and the findings have been summarized in 
Table 3 and 4. There did not seem to be 
any difference as to the incidence of patho- 
genic organisms in the two groups, nor 
was the incidence influenced by the va- 
riable length of the time having elapsed 
between the onset of the symptom and 
the admission to the hospital. It is also 
seen that the incidence of various patho- 
genic organisms was almost identical in 
the two groups. The antistreptolysin and 
antistaphylolysin titers have also been 


TABLE 3. Nose and throat cultures. 


Pathological Normal 


Hospitalization Disease finding finding 
Within 3 weeks 
after onset BAA 11 1] 
RA 9 12 
Later than 3 weeks 
after onset BAA ‘4 8 
RA 11 1] 
Total BAA 18 19 
RA 20 23 
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TABLE 4. Pathogenic microorganisms in nose and throat cultures. com 
The 
Hemolytic Haemophilus Negative 
streptococci Pneumococci Staph. aureus influenzae culture lowi 
the 
BAA 7 5 10 0 20 subg 
on 
RA 6 5 10 l 25 the 
resp 
recul 
TABLE 5. Antistreptolysin titer. sinus 
— | the 
Hospitalization Disease Less than 200 200-1000 Higher than {000 tivel 
in 
Within 3 weeks after onset: BAA ti 12 1 has | 
RA 12 2 
ing s 
Less than 3 weeks after onset: BAA 8 6 1 f 
RA 13 5 5 was 
Total BAA 19 2 — 
RA 25 12 7 child 
In 
urina 
TABLE 6. Antistaphylolysin titer. ; 
soon 
Hospitalization Disease Less than 2 2-5 Higher than5 (reas 
with 
Within 3 weeks after onset: BAA 17 4 3 Wher 
RA 6 4 
Later than 3 weeks after onset: BAA 11 3 1 urine 
RA 17 5 l 
Tr 
Total BAA 28 4 
RA 28 11 5 regio 
—} mont 
in on 
TABLE 7. X-ray-examination of sinuses and lungs. aa 
__ signit 
Sinuses Lungs Mo 
set w 
Patho- Not Patho- vot}. 
logical Normal exam- logical Normal exam-| 
Hospitalization Disease finding finding ined finding finding ived | join‘. 
~ | 39 
Within 3 weeks after onset BAA 1 19 5 6 1] cn 
RA 2 4 14 3 6 1] b ‘ 
Later than 3 weeks after onset BAA 1 5 12 1 9 aa 
RA 2 7 19 1 9 18 \ chil 
Total BAA 2 6 31 5 15 19 | dur 
RA 4 33 4 15 29 com 
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compared as illustrated in Table 5 and 6. 
The highest value within one month fol- 
lowiiig the admission has been noted and 
the groups have again been divided into 
subgroups, depending on the duration of 
the symptoms before the admission (ir- 
respective of it was the first onset or a 
recurrence). X-ray examination of the 
sinuses and lungs within one week after 
the admission was undertaken in rela- 
tively few children. The results are shown 
in Table 7, where the same subgrouping 
has been made. An X-ray-picture indicat- 
ing sinusitis was found in approximately 
one fourth and evidence of a bronchopneu- 
monia in one fifth. No difference between 
children with BAA or RA was present. 

In no case had a history indicating a 
urinary tract infection been given. Uri- 
nary sediment from specimens obtained 
soon after admission showed some in- 
crease of white cells in five of the patients 
with RA and in two of those with BAA. 
When repeated examinations were per- 
formed the increase was not constant and 
urine cultures were sterile. 

Trauma.—A history of trauma in the 
region of the first joint involved within a 
month preceding the onset was present 
in one patient with BAA and in four with 
RA. The figures are too small to indicate a 
significant difference. 

Monarticular onset.—A monarticular on- 
set was relatively common. In the begin- 
ning symptoms were localized to a single 
joint during at least one month in 19 of the 
39 AA cases and in 14 of the 48 RA 


case-. As time progressed this difference 
becs se very marked; only two of the 
chil’ with RA remained monarticular 
dur’ z the entire period of observation as 


ired to 17 with BAA. 


535 


EARLY DISTRIBUTION OF 
JOINTS AFFECTED 


CERVICAL 
SPINE 


NUMBER 
'|BENIGN ASEPTIC ARTHRITIS 


RHE ARTHRITIS 


SHOULDER 


ELBOW 


WRIST 


METACAR - 
PO-PHAL. 


FINGER 


HIP 


KNEE 


ANKLE 


METATAR- 
SO-PHAL. 


TOE 


Fig. 2. Joints affected in BAA and RA within 
two months after onset. 


Early distribution of affected joints.— 
The distribution of affected joints within 
two months after the onset is shown in 
Fig. 1. The knee was most commonly af- 
fected in both groups. There was a general 
tendency for more joints to be affected 
among the RA patients and the symptoms 
were more often localized to the larger 
joints in this early stage of the disease. 
The cervical spine was involved in RA 
exclusively. 

Extra-articular manifestations.—Viscer- 
al manifestations were rare within two 
months after the onset. Cardiac involve- 
ment was present in four of the children 
with RA, as judged by enlargement of the 
heart on X-ray (one case) and definitely 
abnormal ECG (three cases). The ECG 
changes consisted of a lowering of the S-T 
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TABLE 8. Duration of fever. 
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TABLE 10. Gamma globulin in serur. 


BAA RA BAA RA 
Afebrile 22 25 Less than 15% 4 1 
38°C or above maximum seven 15-25 % 3 11 
days 17 21 Higher than 25 % tv) l 
38°C or above for 8-21 days 0 0 Not examined 32 35 
38°C or above for more than 21 = 
days 0 2 


interval and abnormally flat T waves. 
The children with BAA were all normal in 
this respect. None of the RA patients fol- 
lowed a typical course for Still’s syndrome 
and no significant enlargement of the 
spleen or the lymph nodes was found. 
There was no evidence of impaired liver 
function; neither cerebral symptoms nor 
skin rashes were noted. Involvement of 
the eyes occurred only among the RA 
children as iritis (three cases), chorioiditis 
(two cases) and episcleritis (one case). As 
mentioned earlier iridocyclitis or uveitis 
were included among the minor criteria 
for the diagnosis of RA. 

Temperature and laboratory findings.— 
A comparison between the two groups as 
to the degree of fever, elevation of the 
E.S.R. and level of the serum gamma- 
globulin fraction within two months fol- 
lowing the first hospital admission has 
been made and the findings have been 
tabulated (Tables 8-10). No significant dif- 


ference between the two groups was found, 


TABLE 9. Sedimentation rate. 


BAA RA 
0-14 mm 13 6 
15-29 mm on at least two occa- 
sions 9 17 
30 mm or above on at least two 
occasions 17 25 


but it must be noted that serum eleciro- 
phoresis was performed in only a minority. 
Had this been done more systematically 
the tendency to higher gamma-globulin 
values in the RA group might have been 
demonstrated more definitely. A hemo. 
globin level lower than 10 g per 100 ml 
during the same early period of the disease 


was present in eight of the RA and in only | 


one of the BAA patients. During the first 
two months after the admission the sheep 
cell agglutination test was performed in 24 
of the RA cases, two of them being posi- 
tive but with low titers (1/64). During the 
additional 
titers appeared in three children (1/64, 
1/128, 1/512). 

Course.—The widely different course 


subsequent course positive 


and the entirely dissimilar prognosis in the 
two groups has been visualized in various 
ways. The duration of the disease up to 
the time of the follow-up examination is 
presented in Table 11. The figures do :ot 
as a rule represent the duration of a con- 


tinuous activity, they merely give ‘he 


span of time during which the sympt: ms 


TABLE 11. Continuous duration or period 
(in years) during which relapses occur +d. 


0 l 2 3 4 5 6 ( 
BAA 21 10 6 1 1 0 0 0 
RA 8 8 4 1] 
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COURSE 
5 10 15 202530 
AC ITY 
TWO MONTHS 
INTERM:T TENT TO ONE YEAR 
ACTIVITY AFTER FIRST 
CONTINUOUS HOSPITALIZATION 
ACTIVITY 
BENIGN ASEPTIC ARTHRITIS 
arturitis 
NO ACTIVITY 
ONE TO 
INTERMITTENT THREE YEARS 
ACTIVITY AFTER FIRST 
HOSPITALIZATION 
CONTINUOUS 
ACTIVITY 


Fig. 3. The course within three years after the 
first hospitalization. 


were present either continuously or inter- 
mittently. The typical pattern for BAA 
was a single bout of activity of some 
weeks or a few months duration although 
recurrences were not rare within the first 
two years. Relapses after this period of 
time occurred only twice. In contrast, in 
more than half of the RA patients, con- 
tinuous or recurrent activity was present 
after three or more years. Persistent acti- 
vity was present or relapses had occurred 
in 1] cases for as long as 7 years after the 


} onset and it must be remembered that 


only a part of the material had been ob- 
served for this length of time. Thus it is 
probable that the number showing this 
long iasting course would increase during 
prolonged observation. 

T)* course during the first three years 


after the first hospital admission has been 


illus «ated in more detail (Fig. 3). The 
mor benign progress and the lesser ten- 
dene - towards continuous activity in the 
BA. cases is obvious. In Fig. 4 the length 
of t 1e the patients had been free from 
acti. ty of the disease preceding the fol- 
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CONTINUOUS PERIOD WITHOUT 
RECURRENCE AT FOLLOW-UP. 


NUMBER EXAMINATION 
BENIGN ASEPTIC ARTHRITIS 
15- 
14- 
RHEUMATOID ARTHRIT 
13- Is 


YEARS 


Fig. 4. Period preceding the follow-up examina- 
tion without any activity of the joint symptoms. 


low-up is given. The varying duration of 
observation again limits the possibilities 
for definite conclusions, but the systema- 
tic difference between the two groups of 
cases is clear. 

In the patients who had no signs of 
activity for at least one year preceding the 
follow-up examination the incidence of 
residual findings was compared (Fig. 5). 
The sequelae include defective range of 
movement in the affected joints, atrophy 
of the muscles, deformities, contractures 
and growth disturbance. Half of the RA 
cases showed residual defects, whereas 


INCIDENCE OF RESIDUAL FINDINGS 
IN CASES WITHOUT ACTIVITY FOR 
AT LEAST ONE YEAR AT FOLLOW-UP 


EXAMINATION 
with = [] BENIGN ASEPTIC ARTHRITIS 
WITHOUT [ 
RHEUMATOID ARTHRITIS 
5 20 30-35 
NUMBER 


Fig. 5. Incidence of residual findings in BAA and 
RA at the follow-up examination. 
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TABLE 12. Degree of handicap. 


BAA RA 


One year after first hospital admission 


Normal activity 39 38 
Partially handicapped 0 8 (17 %) 
Severely handicapped 0 2 (4%) 


Three years after first hospital admission 


Normal activity 37 37 
Partially handicapped 0 4 (9%) 
Severely handicapped 0 2 (5 %) 


only one of the patients with BAA had 
residua. The incidence and degree handi- 
cap is given in Table 12. Here the func- 
tional state of the children has been esti- 
mated one and three years, respectively, 
after the first hospital admission. By 
normal activity is meant that the children 
were able to take full part in school work 
and outdoor activities, whereas the par- 
tially handicapped had a limited physical 
capacity, which, however, had not kept 
them from an essentially normal life. The 
severely handicapped had either been 
bedridden, confined to a wheelchair exis- 
tence or at least had largely been depen- 
dent on help for their daily needs. One 
year after the first hospital admission 21 
per cent of the RA patients were handi- 
capped to a varying degree, as compared 
to none of those with BAA. Three years 
after the first hospital admission the 
functional state could be evaluated in 37 
children with BAA and 43 with RA. The 
former were again all labelled as having 
normal activity, whereas 14 per cent of the 
latter were handicapped; one-third of this 
minority severely handicapped. In one of 
these the handicap was due entirely to 
seriously impaired vision, following a 
bilateral uveitis. It is thus evident that 
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the prognosis is entirely different in |:AA 
as compared to RA also concerning t .ese 
more severe and largely irreversible :on. 
ditions. It must, however, be pointed out, 
that the time of observation is too sort 
to establish the definite outcome, -vith 
respect to the ultimate incidence of a 
handicap. 


Discussion 


The criteria presented above for the 
diagnosis of RA in children need to be 
commented upon. As previously mentio- 
ned the diagnostic criteria elaborated by 


the American Rheumatism Association do} 
not take into account the special character | 
of the disease in childhood. For reasons of 

simplicity the present classification has 

been designed to include a combination of 

criteria required for making the diagnosis 

highly probable; not, as in A.R.A. classi- 

fication, to establish the diagnosis with 
different degrees of probability. 

The first criterion in the present classi- 
fication deals with signs of arthritis ob- 
served by a physician; including all objec. 
tive findings or symptoms with the re- 
quirement of a continuous duration of six? 
weeks. A monarticular RA may occur and| 
is possibly more common in children than 
in adults. A polyarticular affection is. 
however, more typical especially if ‘t is 
symmetrical. This is expressed in_ the 
second criterion. The A.R.A. has the same 
requirement of duration for the diag: osi 
of classical or definite RA. In the A.'%.A 
classification, however, it is stated tha’ the 
interval between the joints becor in 
affected should not exceed three mor ths 
In view of the intermittent cours: s 
common in children it has been suggé sted 
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that a longer interval should be accepted. 
The third criterion is a significant aggluti- 
nation titer, indicating the presence of 
“the rheumatoid factor’. It is generally 
agreed that this is not a common finding 
in KA in children except possibly when 
recent methodological modifications are 
used. This indicates that the low incidence 
of positive results observed is attributable 
to the lack of sensitivity of the procedures 
rather than to an absence of the rheumatoid 
factor (36). On the other hand, there does 
not seem to be a higher incidence of 
nonspecific positive reactions in children, 
and a positive reaction, although in itself 
not frequent, must be accepted as valu- 
able support for the diagnosis. Typical 
X-ray changes constitute the fourth cri- 
terion and is also found in the A.R.A. 
classification. What can be regarded as 
typical may be a matter of dispute, but 
this point has recently been dealt with in 
detail in a clinico-roentgenological study 
of RA in children (25). The fifth criterion 
includes all biopsies, which show charac- 
teristic changes, including microscopic 
findings in joint capsules and subcutane- 
ous nodules as described in the notes to 
the A.R.A. classification (24). These five 
criteria have been evaluated as_ being 
the most important and have, conse- 
quently, been considered as major criteria. 

The following symptoms and findings 
have been labelled minor criteria. If a 
monarthritis persists for as long as three 
months or if a recurrence has a continuous 
duration of at least six weeks, this is listed 
as ‘he first because it increases the like- 
lin ss of a prolonged course and a ‘“‘rheu- 
m‘oid character” of the disease. One 
re: on for regarding these prolonged and 


int rmittent cases of monarthritis as 
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truly rheumatoid has been given by Sury 
(29), who pointed out the similar incidence 
of eye complications in these patients, as 
compared to those with a more typical 
polyarticular RA in children. Morning 
stiffness is a typical finding in RA in 
adults and is also fairly common in child- 
ren. The present material can not be used 
to estimate its incidence, however, as its 
importance has not been realized and notes 
on its occurrence were made only occa- 
sionally in the records. It is the author’s 
impression that morning stiffness is not a 
rare finding in other types of arthritis in 
children, but there is reason for indicating 
it as a second minor criterion. The third is 
the presence of subcutaneous nodules. 
They are not frequently encountered and 
may also occur in acute rheumatic fever. 
The fourth is the exanthem variously 
described by different authors (13, 15) as 
being a common phenomenon in childhood 
RA, especially among those running a 
more acute and septic course with high 
remittent fever. Cases of this type were 
not seen in this material and no convincing 
notes describing this rash have been found. 
Gauchat & May (13), however, observed 
it in 75 to 80 per cent of children with high 
fever in the initial stages. They described 
it as maculopapular in character and of a 
varying distribution similar in appearance 
to erythema multiforme and called it 
erythema multiforme rheumatoides. The 
fifth criterion are ocular manifestations, 
more precisely iridocyclitis, uveitis or 
band-shaped keratitis. It has been pointed 
out repeatedly (5, 8, 9, 11, 27, 32), that 
these occur more often in children with 
RA than in adults which justifies their 
inclusion at least as a minor criterion. 
In the A.R.A. classification (6, 24) only 
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RELATION TO A.R.A.-CLASSIFICATION 


CLASSICAL 
DEFINITE 

BENIGN ASEPTIC ARTHRITIS 

PROBABLE [ | 
possiace [ 
“NOT R.A.” 
CLASSICAL 


Ppossis.e 


“NOT R.A. 


RHEUMATOID ARTHRITIS 
0 5 10 15 20 
NUMBER 


Fig. 6. Relation of the present diagnostic group- 
ing to the ARA classification. 


iritis is mentioned and for some reason 
only among the criteria for the more 
vague group RA”. Further 
extra-articular systemic manifestations of 
the rheumatoid disease can hardly be con- 
sidered as typical or specific enough to be 
included among the diagnostic criteria. 
As mentioned earlier, for the purpose of 
this investigation the diagnosis of RA 
was made if at least two major or one 
major and two minor criteria were present. 

In analogy with the A.R.A. classifica- 
tion a list of exclusions more adapted for 
pediatric use has been established. Some 
of them need comment. There sometimes 
may be difficulties in the differential 
diagnosis of rheumatic fever, which has 


“possible 


given rise to the suggestion of special 
diagnostic criteria (19, 23, 31). Transitional 
forms between rheumatic fever and rheu- 
matoid arthritis are known, but as a rule a 
distinction is possible and the different 
diseases run quite different courses; the 
heart lesion being the decisive factor in the 
former and the joint affection in the latter. 
In this connection fulfilled accepted 
criteria for rheumatic fever must be re- 
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garded as an exclusion factor for he 
diagnosis of RA. Joint symptoms are 
frequent in Henoch-Schoenlein purp: ra, 
although admittedly rarely of a contiau- 
ous duration of six weeks. Joint syrip- 
toms, as an extraintestinal manifestation 
of ulcerative colitis, have been observec to 
simulate the early stages of a RA anc in 
one case they preceded the onset of the 
signs of colitis. A connection between 


urinary tract infection and polyarthritic 
symptoms has not been demonstrated in 
this material, but on the other hand this 
connection has been well established in 
adults (7) and must be kept in mind also 
regarding children. The other exclusion 
factors are in concordance with some of 
those listed in the A.R.A. classification. } 

It may be of interest to investigate how 
the diagnostic criteria presented here 
match the A.R.A. classification. This | 
relation has been illustrated in Fig. 6. 
Among those labelled: as BAA two cases 
fulfil the qualifications for ‘probable RA”. 
In these two, symptoms were present 
from one knee joint for a little more than 
six weeks and from the other for about a 
month, followed by a rapid recovery 
without recurrences, the observation time ) 
being three years in the first case and six 
years in the second. Of the remainder 15 
children with BAA satisfy the demands ‘or 
“possible RA”. This is not surprising in 
view of the short duration of the joiits 
symptoms being required for inclusion in 
the “possible RA”’ group. 

Of the cases considered to have |‘A 
according to the diagnostic scheme pe- 
sented here none fulfils the criteria or 
“classical RA”’ in conformity to the A.R A. 
classification. This is partly due to the :n- 
perfect notes on the occurrence of morn ag 
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stiffi.ess, the negative agglutination test in 
typical cases and the rarity of joint biop- 
sies. As seen in Fig. 6 the present classi- 
fication rigorousness lies between 
“definite” and “probable” RA”. Three 
of the RA cases have not fulfilled more 
criteria than corresponding to “‘possible 
RA”. In two of these there had been a 
long-lasting, recurrent monarthritis, one 
of them presenting a residual lesion at the 
follow-up examination. In the third case, 
which also ran a prolonged course, there 
was an interval exceeding three months 
between the two joints affected. There 
seems to be reason to regard these three 
cases as true RA. 

The diagnostic scheme presented here 
being based on arbitrary conditions, shares 
the limitations of any attempt to construct 
diagnostic criteria in a similar way. It has, 
on the other hand, proved to be of practi- 
cal value in this investigation, giving 
prognostic information at a _ relatively 


| early stage. It has thus been possible to 


make a definite classification in close to 
half of the cases (48 per cent) within two 
months after the first hospital admission. 

The cases labelled as RA in the present 
series correspond essentially to the des- 
criptions of the clinical picture and charac- 
teristics of typical juvenile rheumatoid 
arthritis. Heredity for rheumatic diseases 
in ity widest meaning was present in 25 
per cent. In Sury’s material true RA was 


present in nine per cent among close rela- 
tives (29), Edstrém gave the figure of 23 
per ont (8), Sairanen 30 per cent (25). 
Joh on & Dodd (17) stated that the in- 
cide: e of a family history of rheumatic 
dise’ © was possibly as high as 30 per cent. 
The :reponderance for girls of the magni- 


tude wo to one has also been a constant 


541 


finding in previous investigations. A peak 
incidence during the first three years of 
life has also been a regular observation. 
A preceding respiratory tract infection 
was found in the present material in 29 
per cent. Similar figures have been given 
in several studies, but Johnson & Dodd 
(17) quoted references establishing the in- 
cidence as high as 37.5 to 57 per cent and 
were of the opinion that an upper respira- 
tory infection was seen prominently at 
some time during the course in about 70 
per cent of the cases. Trauma close to the 
affected joint, within one month before 
the onset, occurred in eight per cent. The 
analogous incidence given in earlier in- 
vestigations has been of the same magni- 
tude. A monarthritis is a common phe- 
nomenon early in the course. An initial 
monarticular localization for at least one 
month was present in 29 per cent, which 
is in concordance with corresponding 
figures given in the literature. In most of 
the present cases other joints were suc- 
cessively involved, but in six per cent of 
the whole material the disease remained 
monarticular. There is also a close con- 
formity as to previous reports, of the 
typical distribution of joints being af- 
fected; the knee joints being most com- 
monly involved, followed by wrists, 
ankles and fingers. Heart disease was an 
uncommon finding in the present material, 
probably mainly due to the fact that the 
material does not contain patients with 
a septic course, which disposes to system- 
ic involvement. One further reason may 
be that ECG examinations have not been 
systematically made in each case. In 
Sury’s series (29) two children died of a 
rheumatoid heart disease and seven per 
cent showed signs of cardiac damage at. 
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the follow-up examination. Edstrém (8) 
reported seven patients with Still’s disease 
all of whom had cardiac involvement and 
22 per cent of the others had signs of a 
heart disease. The frequency of eye lesions 
is of special interest; iritis and uveitis oc- 
curred in 12 per cent in this investigation. 
Similar figures have been found by others 
(8, 29). A permanent visual impairment is 
not rare as a sequelae. 

The concept that the prognosis in RA 
in children depends on how the material 
is selected seems justified. In a general 
pediatric ward a higher proportion of 
cases with a more limited course will be 
seen, whereas in a special institution for 
the treatment of RA, chronic and dis- 
abling cases will be overrepresented. The 
time of observation is of great importance. 
In the present investigation this comprises 
two to seven years, which is too short for a 
definite evaluation, but is probably enough 
to provide an approximation of the pro- 
bable course. Of great importance also 
are the diagnostic criteria and if these are 
vague or too liberal, it will be difficult to 
compare one clinic’s experience with that 
of another. Of the cases labelled as RA in 
this study most of them could be evaluated 
after three years’ course. Fourteen per 
cent showed some degree of handicap. 
This is a relatively favorable figure as is 
evident from the prognostic review given 
in the introduction. This is most likely due 
to the fact that the patients were derived 
from pediatric departments. Evenso the 
prognosis in general is somewhat better in 
children than in adults. 

In the present investigation cases ful- 
filling the suggested criteria have been 
compared with another group indicated 
as benign aseptic arthritis. There is no 
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single symptom or finding placing a :ase 
in either category. The most impor ant 
differences apply to the age of onset and 
the course. The RA cases commonly hiave 
their onset during the first five years of 
life; the BAA cases later. The course o! the 
latter is shorter and does not leave any 
functional limitation. The preponder:nce 
for girls is the same in both groups and 
the distribution of joints being affected 
show similar trends, although a monatti- 
cular course was more common among the 
BAA patients and the cervical spine wa: 
affected only in the RA cases. In both 
groups larger joints, especially the knees 
were most commonly involved early in the 


course. Ocular manifestations favor the 
diagnosis of RA and was included among} 
the criteria. This was also the case con- 
cerning the positive agglutination reaction 
Anemia was not uncommon among the 
RA children already within two month: 
after the onset. A preceding infection wa: 
a common finding in both groups and ti 
label the BAA cases as postinfectious as : 
distinguishing feature does not seem justi 
fied. 

The many similarities between the RA 
and BAA group inevitably raises th) 
question of whether they do not merel! 
represent different courses of the samé 
disease. This objection can hardly b: 
contradicted, as long as the etiology 0 
rheumatic diseases is unknown anc 1 
simple diagnostic test is available A: 
pointed out conventional, serological n eth: 
ods to demonstrate the presence of! thi 
rheumatoid factor are unreliable in chi! 
dren. Awaiting further advances in thi 
field the diagnosis of RA has to be | asel 
on a combination of different  criteri 
This is essential, if different materia! ar 
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to be compared as to the results of various 
ther:peutic trials. In a pediatric hospital 
cases are frequently seen with arthritic 
symptoms in connection with other dis- 
eases. The classification elaborated by the 
A.R.A. is not applicable to children with- 
out modifications. The criteria suggested 
here have been useful from a practical 
point of view, allowing a prognostic indi- 
cation early in the course. 


Summary 


Diagnostic criteria for rheumatoid ar- 
thritis adapted for the features of the 
disease in children have been suggested 
and used for a classification in a follow- 
up examination. This study comprised 
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87 cases of aseptic arthritis of at least three 
weeks duration hospitalized in pediatric 
departments in Stockholm during 1952- 
1957. Those not fulfilling the criteria 
were labelled benign aseptic arthritis. 
They were compared with the rheuma- 
toid arthritis cases as to the early clinical 
picture and the prognosis. The entirely 
different course in the two groups indi- 
cates that the suggested classification is 
of value in the prognostic prediction in 
cases of aseptic arthritis in children. 
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BOOK REVIEWS 


H. Jones: Reluctant Rebels. Re-education 
and Group Process in a Residential Com- 
munity. 

Tavistock Publications, London 1960. 234 
pages. Price 30s. 

This book is based on an interesting pio- 
neer experiment in residential therapy and 
re-education at ‘‘Woodmarch School’, a 
community of about 40 disturbed boys aged 
ten to fourteen years, whose difficulties had 
arisen mainly from unfavourable home cir- 
cumstances. The staff members cooperated 
to establish a secure, orderly but tolerant 
atmosphere. The boys were permitted to 
operate a system of partial self-government 
through various committees. Principles of 
sociometry and group psychotherapy were 
used in the rehabilitation process. It was 
possible in this way to get a better under- 
standing and a better control of the propor- 
tion of social life that goes on beneath the 
surface of institutions of this kind. Lots of 
instructive examples are given from the 
everyday life at the school. Neighbourhood 
relations, staff problems and many other 
general problems usually connected with 
institutions of this kind are discussed. The 
book should be of great interest to everyone 
who works with institutions for mal-adjusted 
children, 

Tom Reinand, Goteborg 


Edite! by J. Chr. Siim, Human Toxoplas- 
mosiv. Munksgaard. Copenhagen, 1960. 
Price Dan. kr. 48: —. 


A —onference on clinical aspects and diag- 


nosti problems of toxoplasmosis in pedia- 
trics as held in Copenhagen at the VIII 
Inter 1tional Congress of Pediatrics in 1956. 
Last ear, the proceedings of this conference 
were viewed and published in an elegant 
volu of 219 pages. In his introduction, 


A. Sabin stresses the importance of quantita- 
tively estimating the role of toxoplasmosis 
as a cause of actual disease in contradistinc- 
tion to the accumulated information that is 
currently available on the high incidence of 
clinically inapparent infections. In _ six 
studies on congenital toxoplasmosis (by M. 
Lelong, F. Bamatter, H. Eichenwald and 
others) and in six on the acquired type 
(headed by the editor) the great variability 
of the clinical picture is amply exemplified. 
Differential diagnosis can be difficult, in- 
clusion body disease can give the same clini- 
cal picture as full-blown congenital toxo- 
plasmosis and the acquired disease is seldom 
pathognomonic. Isolation of the organism 
by biopsy and animal inoculation is very 
important and is stressed by all contributors. 
Serological tests are specific but only signifi- 
cantly rising titers indicate actual infection. 
(According to O. Thalhammer a low dye 
test titer and a negative skin test indicate a 
recent infection.) The editor gives the fol- 
lowing indications for testing serum for 
toxoplasma antibodies: fever of unknown 
origin, lymphadenopathy, infectious mono- 
nucleosis (with negative Paul Bunnel test), 
encephalitis and 
resembling 


lymphocytosis, 
serous exanthema 
typhoid rash, chorioretinitis and myocardi- 
tis. Following broad indications for biopsy 
and serological testing Siim has been able 
to show that 13 per cent of lymphadenopa- 
thies of unknown origin were caused by toxo- 
plasma. Two papers deal with ocular in- 
volvement in toxoplasmosis, which may be a 
late manifestation of the congenital form but 
is also seen in the acquired disease. The 
treatment of toxoplasmosis is still in the 
tentative stage. A combination of chemo- 
therapy and cortisone has probably been of 


relative 
meningitis, 


some value in the acquired ocular form. 
Although the epidemiology is still obscure 
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it seems likely that animal toxoplasmosis is 
involved in the production of the disease in 
man. Much more work has to be done before 
we can prevent this puzzling disease. 


Rutger Lagercrantz, Stockholm 


Helen B. Taussig: Congenital Malformations 
of the Heart. Second edition. Vol. I, General 
considerations. 


Harvard Univ. Press, 1960. 


Volume I of the second edition of Dr. 
Taussig’s book is designed for students and 
general practitioners. It corresponds to ap- 
proximately 90 pages of the 1947 edition. 
The plan of the new volume is basically the 
same. All chapters have been revised, and a 
completely new 50-page part has been added 
on angiocardiography, aortography and 
cardiac catheterization. In the embryology 
section, Streeter’s horizontal concept is used. 
The etiologic and genetic aspects of congeni- 
tal heart disease are more fully discussed, 
but the principles of analysis of malforma- 
tions, the changes in circulation at birth and 
the evaluation of the heart found at autopsy 
have not been brought up to date. In the 
chapter on methods of diagnosis, new ma- 
terial is added on aortic arch anomalies, the 
vascularity of the lungs, and the size of the 
pulmonary artery; the section on ECG is 
extended. It is stressed that angiocardio- 
graphy and catheterization are only aids in 
diagnosis, to be used to clarify some specific 
point. Further, the dangers of these proce- 
dures are discussed at length. Comparatively 
little space is devoted to selective angio- 
eardiography which is considered to give 
limited information and to be more dange- 
rous. Less dilution of the dye and the risk of 
endocardial damage are mentioned as pri- 
mary dangers. Many new illustrations have 
been added, mostly angiocardiograms which 
have been sharpened for didactic purposes. 

Volume I of the revised edition of Dr. 
Taussig’s work on congenital cardiac malfor- 
mations represents a didactic survey for 
students and general practitioners. 


B. Ivemark, Stockholm 
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Helen B. Taussig: Congenital Malformations 
of the Heart. Vol. II. Specific Malforma- 


tions. 
Harvard Univ. Press, 1960, 


1049 pp. Price $ 17.50. 


Cambridge 


The second volume of the new edition of 
Dr. Taussig’s monograph corresponds to some 
500 pages of the first edition. Consequently, 
much new material is included; many nev 
chapters have been added, and large parts 
have been extended. The basic plan oi the 
old edition is somewhat changed, the rnal- 
formations being separated into four tain 
groups, two according to the direction of the 
shunt and two dealing with the left and 
right side of the heart, respectively. As be- 
fore, the treatise is focussed on the clinical 
picture with detailed information on physi- 
cal findings with the addition of angiogra- 
phic data. The illustrations comprise numer. 
ous radiographs, diagrams of the course oj 


circulation and drawings of specimens. A! 


new visual index gives a pictorial summary 
of signs and auscultatory, fluoroscopic and 
electrocardiographic findings. This index 


enables the reader to grasp the clinical es. | 


sentials of the various syndromes at a glance 
and is superior to the old appendix correlat- 
ing the diagnostic features. 

New material in the group with venous- 
arterial shunt includes defective develop- 
ment of the right ventricle without VSD 
in which a discussion of Bernheim’s paper 
would perhaps have been interesting. To 
this part is further added a valuable chapter 
on the Taussig—Bing heart, and another on 
arteriovenous aneurysms. The complete 
transpositions are more fully treated an in 
the truncus chapter the hemitruncus con- 
cept is added. 

Part two treats malformations of the right 
side of the heart. New material in this cate: 
gory includes multiple peripheral pulmonary 
stenoses and a 39-page section on pulmor.ary 
hypertension. 

In the left-to-right shunt part one fin:ls 4 
new section on aortic septal defect and 
completely rewritten chapter on abnormal 
pulmonary venous connection, inclu ing 
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.ge into the inferior vena cava with 
sequestered lung (“scimitar syndrome’’). 
The treatise on ASD now includes the atrio- 
ventricular defect. 

In the fourth part new sections are found 
on vascular rings, coronary arteriovenous 
fistulae, fibroelastosis, glycogenosis, cor 
triatriatum and corrected transposition. The 
reviewer might miss the clinical correlations 
with detailed anatomical findings, but Dr. 
Taussig’s monograph should still be a mine 
of information to cardiologists and pedia- 


drain 


G. Ivemark, Stockholm 
Dr. Med. Paul Heintzen: Quantitative Pho- 
nokardiographie am Beispiel der respira- 
torischen und pressorischen Schwankungen 
der Herztatigkeit. Georg Thieme Verlag, 
Stuttgart 1961. 187 pages, 101 figures. 
DM 26—. 

After general discussion of the origin of 
different heart sounds, the author reports 
his own results from a study of the influence 
of respiration upon the phonocardiographic 
recording of the heart sounds. The effect of 
respiration upon hemodynamic conditions 
and the relation between phonocardiogra- 
phic and hemodynamic changes during normal 
respiration and valsalva tests are discussed. 
A very complete bibliography on the subject 


eae B. Strindberg, Stockholm 


Th. Hellbriigge, J. Rutenfranz and O. Graf: 
Gesundheit und Leistungsfahigkeit im 
Kindes- und Jugendalter. 

Georg Thieme Verlag, Stuttgart, 1960. 293 
pages. Price DM 34: —. 


This monograph deals with certain pro- 


blem: of health and physical fitness in pe- 
diatr vs. The 480 references give a good 
review especially of the German literature in 


this f eld. Several parts of the book are well 
know: to the pediatrician, for instance the 
intro ‘uctory chapters regarding mortality, 


morh.Jity, growth and development. Of 
great r interest are the parts that describe 
phys ‘al working capacity in different ages 
and ts dependence upon hemodynamic, 
respi tory and muscular factors. Of value 
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also is the account of various methods for 
measuring the working capacity of an indi- 
vidual, in which the authors quote their own 
studies of the so-called “‘Leistungspulsindex”’ 
in a series of 940 subjects aged 8-25 years. 
In a chapter on recovery after work the pulse 
restitution is discussed in relation to the 
length of the anaerobic phase at the start of 
the test. The younger the individual the 
shorter is this phase and the quicker does the 
restitution after the termination of the work 
occur. The working and leisure conditions 
in school-children are compared with those 
in working adolescents. The authors review 
the degree in which national and interna- 
tional legislation and practice have taken 
into account the special physiology of the 
ages of growth. 
Yngve Larsson, Stockholm 


F., Bertram and G. Michael: Internationales 
Biguanid-Symposium am 12. und 13. Mai 
1960 in Aachen. 

Georg Thieme Verlag, Stuttgart, 
167 pp. Price DM 16: 80. 

The place of the sulfonyl-urea drugs in the 
treatment of diabetes is well established. As 
regards the more recently introduced bigua- 
nides the situation is more doubtful. The 
Aachen symposium in 1960 was arranged in 
order to throw more light on these substan- 
ces. Among available biguanides the phenyl- 
aethyl compound, phenformin, is the most 
commonly used. In contrast to the sulfonyl- 
ureas its mode of action is extrapancreatic, 
otherwise unknown. The theory of stimula- 
tion of intracellular anaerobic glycolysis has 
not been satisfactorily proved, nor therelated 
hypothesis of inhibition of respiratory en- 
zymes. Of interest is the increase in lactate 
and pyruvate in blood serum during treat- 
ment with phenformin. In some cases a ten- 
dency to normoglycemic ketosis may make 
interruption of treatment necessary. The 
clinical experiences of the effect of phen- 
formin and related biguanides are not unani- 
mous, probably dependent on differences in 
the selection of cases for treatment. In older 
patients about 40-50 per cent seem to res- 
pond to the drug, in juvenile cases no more 
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than about one third. The experience of a 
pediatric clinic is reported by Rosenkranz, 
who found satisfactory results in 7 of 17 
patients. This meant lower insulin require- 
ment and stabilization of labile cases. Com- 
bined treatment with sulfonyl-ureas may in 
some patients be valuable. Gastrointestinal 
side effects may occur but do not seem to be 
a serious problem. One case of severe 
thrombopenia was reported by Koopmann, 
otherwise there have been no blood dyscrasias. 


Yngve Larsson, Stockholm 


F. Gegesi Kiss and Gy. Szutrély: Herz- und 
Kreislaufstérungen im Sauglings- und 
Kindesalter. 
Verlag der Ungarischen Akademie der Wis- 
senschaften. Budapest, 1960. 880 pages, 
277 figures. 
This book is the German translation of 
the second edition of a Hungarian publica- 
tion which appeared in 1953. According to 
the preface, it is especially written for pedia- 
tricians and general practitioners. The aut- 
hors base their statements on personal clini- 
-al experience, their own research work and 
current literature and especially quote their 
own publications, while most of the contri- 
butions by eminent foreign cardiologists 
such as Keith, Leatham, Nadas and Wood 
are overlooked. The very detailed theoretical 
discussions of certain concepts, for instance, 
cell-structure and metabolism of the myo- 
cardium, as well as diabetes mellitus, hypo- 
glycemia and serum-disease, are given too 


BOOK REVIEWS 


much space for a book meant for ge: eral 
practitioners and pediatricians. The on. 
genital malformations of the heart, on the 
other hand, are too superficially tre: ted. 
This chapter, even from a factual poirt of 
view, is not always beyond criticism. The 
statement that the growth in heigh: js 
retarded in children with patent ductus 
arteriosus is too categoric and pertains only 
to more severe cases. Their opinion that 
bacterial endocarditis occurs very often in 
association with atrial septal defect is not 
in agreement with most authors. Among the 
diagnostic procedures the very valuable 
selective angiocardiography according to 
Jénsson and coworkers is not mentioned. 
The normal blood pressure in the pulmonary 
artery is given as 40/10 mm Hg which scems 


to be rather high. With regard to rheumati: 


fever the reviewer will only mention that 
the authors are of the opinion that the cauisa- } 
tive agent is a virus and that acute pericardi- 
tis often leads to constriction, a concept 
with which few authors will agree. The 
therapy of cardiac and circulatory failure is 
treated rather thoroughly and reflects the 
vast experience of the authors. The recom. 
mendations of restrictions with regard to sport 
and exercise after acute infectious diseases 
and cardiac operations seem rather severe. 
The book is not very attractive from a typo: 
graphical point of view and is not easy to 
read. The figures are, however, rather good 


and satisfactorily instructive, even if not “ 
the highest class. 
L.-E. Carlgren, Gothenburg } 


ANNOUNCEMENT 


} 


The Department of Pediatrics of the 
University of Buffalo School of Medicine has 
established a research training program for 
persons planning a career in pediatric research 
and teaching. Programs will be planned for 
each individual trainee for a period of at 
least two years with at least one year spent 
in study or research in a basic science de- 
partment of the University of Buffalo School 
of Medicine, followed by a year of research 


within the Department of Pediatrics. Q uali-} 
fications include a minimum of one yea'| 
pediatric residency. Stipends are $6000 ‘irs 
year, $6500 second year, plus $300 pe: de: 
pendent up to three dependents. Fund: ar 
available for laboratory expenses and tr. vel. 
Inquiries may be sent to Dr. Robert Gut 1rie. 
Children’s Hospital, 219 Bryant Street, 3ul: 


falo 22, New York. 
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ev-eral } From the Department of Metabolic Research (Head: Dr. Harry Bostrém), 
: me Wenner-Gren Institute, University of Stockholm, and the Pediatric Clinic 
~~ (Head: Prof. John Lind), Karolinska Sjukhuset, Stockholm 
of 
1. The 
thi is 
luctus 
S only 
: le Studies on Ester Sulphates 
ng 12. Excretion of Sulphate Acceptors in Phenylketonuria 
ny: the 
luable by HARRY BOSTROM and BO WENGLE 
1g to 
ioned. 
ene It is an established fact that many vitro (11, 16, 17, 22). By adding S%- 
matic{ phenolic, indolic and steroid compounds labelled sulphate to such a system, the 
| that} are excreted in the urine of mammals. _ ester sulphate formed can easily be demon- 
vasa: } Before excretion, most of these compounds strated by means of paper-chromato- 
se are converted to some extent into esters of _ graphic and electrophoretic methods, com- 
ie either glucuronic or sulphuric acid. The _ bined with autoradiography. 
lure is] enzymatic mechanism responsible for sul- On the basis of these principles, a 
s the! phate and glucuronide conjugation is method was recently worked out in our 
ecom: |" nowadays known in some detail. laboratory for the demonstration of 
mes Sulphate conjugation has been shown sulphate acceptors in human urine under 
aver,| 0 be a two-step reaction involving sul- normal and pathologic conditions (9). In 
typo-| Phate activation and sulphate transfer the present investigation, this technique 
vol} reactions are present in many tissues, e.g. dition known to be associated with 
"') liver, intestinal mucosa, cartilage and characteristic disturbances in the metabo- 
wg f — a. The enzymes involved in sulphate ism of aromatic amino acids. 
| conjugation are water-soluble, and particle- The main feature of this inborn error 
- -| free extracts containing sulphate-acti- of metabolism is probably a defect in the 
___| vating and sulphate-transferring enzymes enzyme system normally hydroxylating 
| have been ‘prepared from various tissues. phenylalanine to tyrosine (13), which 
es When a sulphate acceptor, e.g. a phenol results in a raised excretion of phenylala- 
) sigs} OF @ Steroid, is incubated in a medium pjne (PA) and its derivatives phenyl- 
de} cont: ining an active tissue extract, ATP, pyruvic acid (PPA), -phenyl-L-lactic 
Is are inor nic sulphate and magnesium ions acid (PLA) and phenylacetic acid (PAA), 
reve) ine suitable buffer solution, the cor- the last-mentioned chiefly in the form of 


resp nding ester sulphate is formed in 


T! 3 study was supported by grants Nos. A. 
M. & N.) and A. 4410 from the National 
tes of Health, Bethesda. 
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phenylacetyl glutamine (PAG) (14, 23). 
In addition to the metabolites men- 
tioned, some phenolic acids are excreted in 


abnormal amounts. Thus the metabolites 
of tyrosine, p-hydroxyphenylpyruvic acid 
(p-HPPA), p-hydroxyphenyllactic acid 
(p-HPLA) and _ p-hydroxyphenylacetic 
acid (p-HPAA) are said to be excreted 
in raised quantities, as determined by 
paper chromatography (1, 7, 8, 21). 

The most striking difference between 
the metabolism of phenolic acids in normal 
subjects and in phenylketonurics is, how- 
ever, the hundredfold increased excretion 
of o-hydroxyphenylacetic acid (o-HPAA) 
in the urine of the latter (3). Although the 
mechanism of formation of this phenolic 
acid is uncertain, its precursor seems likely 
to be phenylpyruvic acid and not o- 
tyrosine, which has not yet been recovered 
from human urine (19). 

A raised excretion of indolyllactic and 
indolylacetic acids has also been demon- 
strated in phenylketonuria, thus indi- 
cating a deranged metabolism of trypto- 
phan (2). 

In 1951, Bickel 
phenylalanine diet in the therapy of af- 
fected children (5). It was found to nor- 
malize the excretion of phenylalanine and 
its metabolites, as well as that of o-HPAA 
and indolic compounds (3, 5, 15, 24). The 
excretion of tyrosine metabolites was, 
however, said to remain unaltered (7, 8). 


introduced a _ low- 


In the present investigation, a com- 
parison was made between the urinary 
“sulphate-acceptor pattern’ of normal 
subjects and phenylketonurics. It dis- 
closed that when urine specimens from 
phenylketonurics were incubated in the 
sulphurylating system, at least two con- 
jugates were formed that could not be 
detected in normal urines treated in the 
same way. These findings will be reported 
and discussed in the following. 


HARRY BOSTROM AND BO WENGLE 


Methods and Material 


Sulphate-conjugation technique 


100 yl of a carrier-free solution 0: S%. 
labelled sulphate! (10 mC/ml) were « vap. 
orated to dryness in each of a series 0’ tes} 
tubes. The test tubes were then placed in a 
ice-bath, and the following solutions adde( 
to each tube: 

a. 50 wl of a solution containing equai 
parts of 0.3 M potassium phosphate biiffer 
pH 6.8, 0.03 M potassium sulphate ani 
0.005 M magnesium chloride. 

b. 10 wl of 0.04 M ATP. 

ce. 40 wl of a particle-free supernatant oi 
rat-liver homogenate prepared according ti 
Roy (16). 

d. 10 wl of human urine. If the urine was 
pretreated and extracted with ether, a por} 
tion of the extract corresponding to 50 jl oj 
urine was evaporated to dryness in the test 
tube before the 5%-labelled sulphate was, 
added. 

In each experimental series, two types oi 
control experiment were run: 

A. Complete system with enzyme solution 
and urine replaced by water. 

B. Complete system with urine specimens 
replaced by water. 

All test tubes containing the component: 
listed above were then incubated in a water. 
bath at 37°C for 2 hrs. 


Demonstration of ester sulphates 


Five yl samples of the incubated mixt ures} 
were subjected to paper electrophoresis and| 
two-dimensional ascending paper chroma-| 
tography on Whatman No. | filter paper. The} 
following solvents were used: 

I. Phenol-water (400 g/100 g). A bexker} 
containing concentrated aqueous amm nia 
was placed in the chromatographic t ink. 

II. The upper phase of n-butanol-! 
ammonia (1/1 by vol.). 

III. n-butanol-acetic acid-water (12/3, 5b) 
vol.). 


1 Obtained from the Radiochemical Ce tre. 
Amersham, England. 
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Of these three solvents, no. I was combi- 
ned vith either II or III. Solvent no. I was 
alwa\ 3 used as first solvent. 

Paper electrophoresis was performed in 
0.075 M acetate buffer (pH 5.5) for 1 hr. at 
30 or 40 V/em. 

The dried electropherograms and chroma- 
tograins were subjected to autoradiography 
on Gevaert Curix X-ray film, and exposed 
for one week. Gevaert G 150 was used as 


developer. 


Pretreatment of urine 


Addition of more than 10 wl of urine to 
the enzyme system produced some inhibition 
of the sulphurylating activity. We therefore 
chose in some experiments to concentrate 
the urine specimens by freeze-drying and 
extracting the dry residue with ether, to 
take up aromatic and other organic com- 
pounds. These extracts were then free from 
salts, and could be added in amounts cor- 
responding to 50-100 yl of urine without in- 
hibiting the system. In addition to untreated 
urine specimens, two types of urinary ex- 
tract were incubated with the sulphurylating 
system, after evaporation of the organic 
solvent: 

1. Ether extract of a freeze-dried urine 
specimen. 

2. Ether extract of a neutralized and 
freeze-dried urine specimen, previously hyd- 
rolyzed in 1 N HCl for 60 minutes at 100°C. 

All urines tested in the enzyme system 
were night specimens collected without the 
addition of any preservative. All subjects 
had heen fasting since 8 p.m. on the preced- 
ing day. The samples were brought to the 
labors tory on the same day they were voided, 
and the experiments were started within a 


few | ours of their arrival. Otherwise, the 
urine specimens were kept in deep-frozen 
cond: ion until used. 

Ch -matography of urinary amino acids 


D: alted urines were subjected to two- 


dime sional ascending paper chromato- 
grap’ - on Whatman No. 1 paper, in the 
fram . deseribed by Datta, Dent & Harris 
(10). he following solvents were used: 
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I. n- butanol-acetic acid-water (12/3/5 by 
vol.). 

II. Phenol-water-aqueous ammonia (400 
g/100 g/2.5 ml). 

The chromatograms were developed by 
dipping them into 0.2 per cent ninhydrin in 


acetone. 


Determination of phenylalanine in blood 
Determination of PA in blood specimens 
was performed by the method of Berry (4). 


Estimation of o-HPAA 

o-HPAA in urine specimens was estimated 
as follows. Urinary aliquots were chromato- 
graphed directly in amounts ranging from 
20 to 100 wl, depending on the amount of o- 
HPAA present. The solvent system used 
was iso-propy! aleohol—aqueous ammonia— 
water (20/1/2 by vol.), descending chromato- 
graphy on Whatman No. 1 paper. The 
chromatograms were developed by spraying 
the papers with a dilute ethanolic solution 
of 2,6-dibromoquinone chlorimide, followed 
by aqueous ammonia. The intensity of the 
blue staining was compared with the colour 
of known amounts of 0o-HPAA chromato- 
graphed on the same paper. This spraying 
reagent was found to be more sensitive and 
specific to o-HPAA than diazotized sulph- 
anilic acid, and made it unnecessary to ex- 
tract the substance from the urines before 
the chromatograms were run. Recovery of 
added amounts of 0o-HPAA to urine speci- 
mens was in the range of +20%,. 


Preparation of reference substances 

The $*-labelled ester sulphates of o- and 
p-HPAA were prepared from commercial 
preparations! of the latter by enzymatic 
sulphurylation in vitro in the rat-liver super- 
natant system, followed by isolation of the 
relevant by paper electrophoresis 
(autoradiographic indication), and subse- 
quent elution and freeze-drying. The labelled 
material was stored at — 20°C. 

The identity of the sulphate ester of o- 
HPAA formed was checked by identification 


esters 


1 Obtained from L. Light & Co., Colnbrook, 
Bucks., England. 
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of the split products, after acid hydrolysis in 
1 N HCI for 1 hr. The liberated sulphate was 
shown to migrate in high-voltage electrophore- 
sis at the same rate as a specimen of S%- 
labelled sulphate, and 0o-HPAA was identi- 
fied in the aforementioned system for esti- 
mation of 0o-HPAA. 

The ester sulphate of 5-(p-hydroxybenzyl)- 
hydantoin was prepared according to the 
same principle, from a specimen of the 
hydantoin obtained by synthesis from p- 
HPPA! and urea in the presence of hydro- 
chloric acid (6). 

In addition to these reference substances, 
several other ester sulphates of steroids, 
phenols and indoles have previously been pro- 
duced by enzymatic sulphurylation in our 
laboratory, and their chromatographic and 
electrophoretic data have been established. 


Determination of creatinine 
Creatinine was determined by a modified 
Jaffe procedure (20). 


Case Material 


Eight cases of phenylketonuria were 
studied. In every case, the diagnosis was 
established biochemically, by demonstra- 
tion of pathologically raised urinary ex- 
cretion of PA, PPA and o-HPAA, and a 
high PA level in the blood. A summary of 
the relevant laboratory data is given in 
Table I. Cases 1-4 had not been given a low- 
PA diet. In Cases 5-8, this diet was tested 
with a varying degree of success. Urinary 
studies both before and during treatment 
could therefore be made in the latter group. 

Case 1. A girl, b. 1942, sib of Case 4. She 
was severely mentally retarded, and was 
still unable to talk. Retarded development 
was first observed at 8 months of age. 

Case 2. A boy, b. 1943. His I.Q. had been 
30 since the first test at 8 years of age. 

Case 3. A boy, twin brother of Case 2. 
Anthropologie studies, including blood typ- 
ing, suggested monozygosity. His I.Q. had 
been 50 since the first test at 8 years of age. 
Retarded development was first observed 
in both twins at 6 months. 

1 Obtained from Dr. Theodor Schuchardt, 
GMBH & Co., Miinchen, Germany. 
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Case 4. A boy, b. 1944, sib of Case !. He} 
was severely mentally retarded, and wa; 
still unable to talk. Mental retardation was 
first noticed when he was 6 months old, 

Case 5. A boy, b. April 15, 1956. Retz rded 
development was first observed at 6 munths 
of age. He had seizures, and his EEG was 
pathologic. Since Oct. 4, 1957 he had been 
given a low-PA diet. No marked mental 
improvement could be demonstrated after 
24 years’ treatment. On the other hand, he 
ceased to have seizures, and his EEG became 
normal. In addition, his contact with the 
nursing staff improved considerably during 
treatment. 

Case 6. A girl, b. Dec. 23, 1957. Her 
development was apparently normal up to 
at least 1 year of age. She sat without sup. 
port at 7 months, and could say a few simple} 
words before she was 1 year. When she was | 
year old, her mother noticed for the first) 
time that the patient’s urine had a peculiar 
smell. At 13 months, she started to walk. 
although somewhat unsteadily. One month 
later, she stopped walking, became less ac- 
tive, and seemed drowsy and tired. The diag. 
nosis of phenylketonuria was confirmed at 
18 months of age, and a low-PA diet was in- ) 
stituted. From being anxious and _ peevish, 
she became considerably more cheerful and 
active. At 20 months, she started to walk 
again, and to say a few words. Psychologic 
tests at 23 months of age showed somewhat 
retarded development, chiefly with respect to ) 
vocabulary. 

Case 7. A boy, b. May 22, 1958. He was} 
hospitalized at the age of 8} months, on ac- 
count of retarded development. He was 
unable to sit, and balanced his head u- 
steadily. He had seizures, and his [EG 
was pathologic. A low-PA diet was started} 
at 94 months. This resulted in a considerable 
improvement in his condition, including the 
EEG. His seizures stopped. His cortact 
with his environment became much be ter. 
and he learnt to sit fairly steadily. He was 
able to stand without support before 1' 
months. 

Case 8. A girl, b. Aug. 28, 1958. Asthn atic 
complaints started when she was a few 
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Chromato-autoradiograms showing the ‘ester-sulphate 
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pattern” of urine specimens 


not pretreated before incubation with the sulphurylating system. A. Urinary pattern of one untreated 
case of phenylketonuria (Case 6). B. Urinary pattern of one normal subject of the same age and sex 
as Case 6. The position of pk 1, as indicated on chromatogram A, corresponds to an empty area 
on chromatogram B (indicated by the dotted ring). PhAm and BuA represent solvents I and 


III, respectively (cf. text). 


months old. Her urine had a strong, peculiar 
smell since the age of 4 months. She was 
unable to sit without support at 11 months, 
when a low-PA diet was instituted. At 16 
months she could sit unsupported, but could 
not stand, even with support. Psychologic 
tests at 12 and 16 months showed no ap- 
preciable mental improvement. Her devel- 
opment seemed to be somewhat below the 
normal for a child half her age. 

The controls consisted of 8 parents and 3 
sibs of phenylketonurics, in addition to 20 
healiiiy subjects, aged 3-53 years (members 
of the laboratory staff and their relatives), 
with 1.0 known history of phenylketonuria in 
their families. 


Results 


Yster-sulphate pattern of normals 


I; subation of normal urine with the 


afor mentioned sulphate-conjugating tech- 


nique resulted in the formation of about 
25 S%5-labelled ester sulphates. They pro- 
duced a characteristic pattern of spots on 
paper chromatography, or on paper elec- 
trophoresis in combination with auto- 
radiography. Although this “ester-sul- 
phate pattern” varied from case to case, 
its main features seemed to be constant 
(Fig. 1 B). 

Incubation of ether extracts of normal 
urine specimens subjected to acid hydro- 
lysis revealed a pattern differing in several 
respects from the original one. It contained 
more spots (ester sulphates) than original- 
ly present. On the other hand, certain 
ester sulphates formed when untreated 
urine specimens were incubated with the 
sulphurylating system could no longer be 
detected (Fig. 2 D). 
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acidly hydrolyzed before incubation with 


Ester-sulphate pattern of untreated 
phenylketonurics 

Urine specimens of seven untreated 
phenylketonuric patients, all excreting 
pathologically raised amounts of PPA and 
o-HPAA (Table 1), were sulphurylated 
as described. The sulphate acceptors of 
these pathologic specimens formed ester 
sulphates which produced patterns deviat- 
ing characteristically and uniformly from 
those in normal subjects. 

The pattern of urine specimens that 
were not pretreated showed, in every case, 
a new distinct spot, pk 1, on the auto- 
radiograms (Figs. 1 A, 3 and 4). 

The “‘ester-sulphate pattern” of acidly 
hydrolyzed phenylketonuric specimens re- 
vealed further peculiarities. In addition 
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Chromato-autoradiograms showing the ‘“ester-sulphate pattern” 
the sulphurylating system. C. Urinary pattern oj 
one untreated case of phenylketonuria (Case 6). D. Urinary pattern of the same normal subject 
as in Fig. 1B. The position of pk 2, as indicated on chromatogram C, corresponds to an empty) 
area on chromatogram D (indicated by the dotted ring). Solvent systems same as in Fig. I. 


of urine specimens 


to pk 1, another ester sulphate appeared. 
not present in normal patterns. This ester 
sulphate (pk 2) gave a weli-marked spot 
on the chromato-autoradiograms when 
running the chromatograms in solvents I) 
and III (Fig. 2 C). On the electropher0- | 
grams, pk 2 moved relatively slowly to- 
ward the anode, which distinguishe« it 
fairly well from other labelled ester sul- 
phates (Fig. 4). 


Ester-sulphate pattern of phenylketoni rics 
given a low-phenylalanine diet 


Three phenylketonuric patients (C 
5, 6 and 8) were considered to be : de- 
quately treated by a low-phenylala: ine 
diet, in view of our biochemical find ngs 
(normal phenylalanine level in blood, » or- 
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TasLe 1. Summary of laboratory data in the 8 cases of phenylketonuria studied in the 
present paper. 


FeCl, and Approx. 
Duration 2,4-dinitro- Excre- amount of 

Case of treat- Blood PA phenylhydra- tion ug o-HPAA/mg 

No. ment mths mg/100 ml zine test! of PA creatinine pk 1 pk 2 
l 0 35 + 170 
2 0 25 150 tn a 
3 0 30 100 + 
4 0 40 r rs 110 + + 
5 0 30-40-50 + + pathol. amounts z ? 
5 29 < 2.5 <5 traces 
6 0 20 1g + 350 + + 
6 2] < 2.5 — <5 + 
7 0 25 + + 75 + + 
7 13 ? traces + 20 (+) + 
8 0 45 + 180 sg + 
8 8 < 2.5 — -— 10 — + 


1 A fresh aqueous solution of FeCl, and a saturated solution of 2,4-dinitro-phenylhydrazine in 2 N 


HCl were used as tests for the presence of PPA. 


mal excretion of phenylalanine, PPA and 
o-HPAA: Table 1). Their urine specimens 
contained no sulphate acceptors able to 
form any detectable, abnormal ester sul- 
phates when incubated unhydrolyzed in the 
sulphurylating system. Thus, pk 1 was 
lacking in the pattern. On the other hand, 
hydrolysis of the specimens showed that 
the sulphate acceptor giving rise to pk 2 
was still excreted by two of the patients 
(Cases 6 and 8), despite several months’ 
ion of treatment. The precursor of 
eemed, in fact, to be excreted in the 
amounts during treatment as before 
ietary regime was started. 


durat 
pk 2 
any 
Urne specimens of the remaining pa- 


tient (Case 5)—who had been treated for 
the ongest period—gave rise to barely 
dete able amounts of pk 2, indicating 
that ‘he excretion of its precursor had 


beer. oractically normalized. 


Ester-sulphate pattern of relatives of 
phenylketonurics 

The urinary sulphate acceptors of eight 
parents (heterozygotes) and three unaf- 
fected sibs of phenylketonurics were also 
studied by the sulphate-conjugating tech- 
nique. Neither pk 1 nor pk 2 could be 
detected in the ‘‘ester-sulphate pattern” 
of these persons, which therefore did not 
differ in any way from the normal pattern. 


Identification of pk 1 

The position of pk 1 on paper chromato- 
grams (Fig. 1 A) and electropherograms 
(Figs. 3 and 4) was found to be charac- 
teristic for the ester sulphate of o-HPAA. 
Cross-matching experiments with refe- 
rence substances in three independent 
chromatographic solvent systems (sol- 
vents I, II and III) and in one electro- 
phoretic system (0.075 M acetate buffer, 
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Fig. 3. Electrophero-autoradiogram showing the 
difference between the urinary “ester-sulphate 
pattern” of one normal (E 2) and one phenyl- 
ketonuric boy (E 3). The urine specimens were 
not pretreated before incubation with the sul- 
phurylating system. Starting points to the lett in 
the picture. E1 and 4, biosynthetically formed 
samples of the ester sulphate of o-HPAA. The 
position of pk 1 is indicated in the figure. 
Electrophoresis was performed in 0.075 M 
acetate buffer, pH 5.5 (40 V/cm). 


pH 5.5, 30-40 V/cm) also indicated that 
pk 1 was identical with the ester sulphate 
of o-HPAA. 


Identification of pk 2 


It could further be shown that none of 
the hitherto known abnormal metabolites 
excreted in phenylketonuria could give 
rise to an ester sulphate with the proper- 
ties of pk 2, when incubated in the sul- 
phurylating system. In extraction experi- 
ments, it was found that the sulphate ac- 
ceptor giving pk 2 could not be extracted 
with ether or ethyl acetate from the acidly 
hydrolyzed urines until they had been 
made alkaline with sodium bicarbonate. 
If, prior to hydrolysis, the urines were 
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Fig. 4. 


Fig. 4. Electrophero-autoradiogram showing the 
patterns of the ester sulphates studied by chro. 
matography in Fig. 2. Starting points to the left 
in the figure. F 1 corresponds to Fig. 2 D (nor. 
mal). F2 corresponds to Fig. 2C (phenylketo- 
nuric). PK 1 and pk 2 are indicated in the figure. 
Electrophoresis was performed in 0.075 M 
acetate buffer, pH 5.5 (30V/cm). 


acidly extracted with ether or ethyl ace- 
tate, pk 2 could not be detected after incu- 
bation of the acidly hydrolyzed residues. 

A mixture of p-HPPA and urea was 
hydrolyzed in the same way as urine, and 
incubated with the sulphurylating sys- 
tem. The hydantoin formed gave rise to 
an ester sulphate having the same proper- 
ties as pk 2 on both chromatograms and 
electropherograms. Similar treatment of 
normal urines, after addition of certain 
amounts of p-HPPA, also revealed » la- 
belled spot with the same character stics 
as pk 2 on the autoradiograms of japer 
chromatograms and_ electropherogr ims. 

During the hydrolysis of urine speci 1ens 
of phenylketonurics, a compound was 
formed, which evidently consisted «{ 5- 
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(p-hdroxybenzyl)-hydantoin, its sulphu- 
ric acid ester being subsequently visualized 
on the autoradiograms as pk 2. 


Discussion 


The enzymatic technique for demon- 
stration of urinary sulphate acceptors 
worked out at this laboratory seems to pos- 
sess high sensitivity. Thus, detailed ester- 
sulphate patterns containing about 25 
compounds or more were revealed when 
5 ul samples of the incubating media (cor- 
responding to 0.5 wl of urine) were applied 
to chromato-autoradiography. An_ in- 
crease in the sensitivity and specificity 
of the method was obtained by the slight 
modification introduced in the present 
study, 2.e., extraction of the urines before 
incubation. Another way of enhancing the 
possibility of detecting small amounts of 
certain compounds would be to raise the 
quantity of S*5-labelled sulphate added, or 
to expose the X-ray films for a longer 
period than one week. 

Various solvents can be used for paper- 
chromatographic separation of the sul- 
phated compounds. In the present study, 
phenol-water—which gave good spreading 
of the compounds—was always used as 
first solvent. n-butanol-acetic acid-water 
(III) was preferred as second solvent, be- 
cause ester sulphates of phenolic acids of 
interest in phenylketonuria were much 
better separated in this system than in 
solvent II. Other solvent combinations 
mig!‘ be more useful for the separation of 
othe types of esterified compounds. 

F vdrolysis of the urines prior to incuba- 
tion ‘ncreased the number of spots, and the 
ove =|] pattern was greatly strengthened. 
A c) ange in appearance of the patterns oc- 
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curred after hydrolysis, due to new com- 
pounds being available for sulphurylation, 
after splitting of acid-labile conjugates. In 
addition, certain compounds were evi- 
dently destroyed during acid treatment, 
since the patterns of untreated urines con- 
tained some ester sulphates that could not 
be detected after corresponding treatment 
of hydrolyzed urines. 

The excretion of o-HPAA previously 
observed by other authors (3, 7) could 
easily be demonstrated by the present 
technique, since the most striking dif- 
ference between the normal and phenyl- 
ketonuric patterns was the appearance of 
the ester sulphate of this compound (pk 1). 
In agreement with earlier findings (3, 7), 
it could also be shown that the excretion 
of o-HPAA was normalized by a low- 
phenylalanine diet. 

The studies on hydrolyzed urines from 
the patients did not disclose the excretion 
of any conjugated, pathologic sulphate ac- 
ceptors. The new spot, pk 2—which ac- 
tually appeared after the sulphurylation 
of hydrolyzed urines—was most probably 
identical with the ester sulphate of 5-(p- 
hydroxybenzyl)-hydantoin, a condensa- 
tion product of p-HPPA and urea. It 
seems likely that the amount of pk 2 
formed was correlated to the amounts of 
p-HPPA excreted, since the urinary urea 
concentration is certainly in excess for 
this condensation reaction. 

Urine specimens of seven phenylketon- 
urics gave rise to pk 2, despite the fact. 
that some of them had been treated for a 
long period (24-13 months). Pk 2 was, 
however, barely detectable in the ester- 
sulphate patterns of -hydrolyzed urine 
specimens of Case 5 (treated for 29 
months), indicating an almost normalized 
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excretion of p-HPPA. The difference be- 
tween the strength of pk 2 in these patterns 
and in those of the other patients was 
great. Unfortunately, no data are available 
on the excretion of p-HPPA in Case 5 
before a low-phenylalanine diet was in- 
stituted. There is, however, no reason to 
believe that the excretion of p-HPPA had 
been normal before treatment, since both 
the present study and earlier ones have 
shown that pathologic amounts of this 
acid are excreted in phenylketonuria. 

It has also been claimed that the ex- 
cretion of p-hydroxyphenyl derivatives 
remains unchanged during treatment of 
patients with a low phenylalanine diet 
(7, 8). The patient in question, who had 
been given this diet for 29 months, never- 
theless excreted only small amounts of p- 
HPPA, which might indicate a slow nor- 
malization in the degradation of phenolic 
acids derived from tyrosine. 

Of the cases of phenylketonuria dis- 
cussed in this paper, Case 6 was the most 
remarkable from several aspects.—Firstly, 
this patient’s development was obviously 
normal until at least one year of age, thus 
showing an unusually long lag period be- 
fore symptoms of the disease appeared. 
Secondly, a rapid loss of already acquired 
abilities (e.g., walking, and saying a few 
words) occurred at the age of 13-14 
months. Thirdly, a low-phenylalanine 
diet, which was not started until the age 
of 18 months, nevertheless restored the 
aforementioned abilities in a very short 
time.—The slow development of pheny!l- 
ketonuria could also be correlated to the 
biochemical findings in this patient, who 
most often showed comparatively low 
phenylalanine figures in blood, and some- 
times even negative or only slightly posi- 
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tive tests for PPA in urine. It seems rea. 
sonable to suggest that this case repre. 
sents a mild form of phenylketon :ria. 
Moreover, it seems to demonstrate the 
value of dietary therapy, despite its late 
institution. The observations made in this 
patient thus seem to support the view that 
the critical factor in the dietary treatinent 
of phenylketonuria is not only the ave of 
the patient at the onset of treatment. but 
the actual duration of the manifestations 
as well. 

The enzymatic technique applied in the 
present study of phenylketonuria did not 
reveal any previously unknown metabo. 
lite. On the other hand, the results ob- 
tained were in good agreement with our 
present knowledge of this disease. Conse- 
quently, it is suggested that this technique 
could be of value in the search for un- 
known sulphate acceptors in less well- 
characterized metabolic diseases. 


Summary 


1. The pattern of sulphate acceptors 
present in the urine of phenylketonurics 
and control cases was visualized by 
chromato-autoradiographic methods, after 
treatment of urine specimens ina sulp/iur- 
ylating rat-liver system in the presence of 
$%5.labelled sulphate. 

2. The sulphate of o-HPAA formed «ur- 
ing this procedure from o-HPAA excreted 
in the urine of phenylketonurics coul be 
demonstrated as a well-defined spot (p< 1) 
on the autoradiograms in all untre:* 
cases. 

3. Another sulphate acceptor, reve: ‘e 
after acid hydrolysis, was shown to be 
identical with the hydantoin formed f 
urea and p-HPPA during hydrolysis. 
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concentration of the ester sulphate of this 
hydantoin (pk 2) probably reflects the 
amount of p-HPPA excreted in phen- 
ylketonuria. This compound did not 
vanish from the urine specimens of pa- 
tients given a low-phenylalanine diet for 
periods of up to 13 months. It was, how- 
ever. absent in one case treated for 29 
months. The significance of these findings, 
as well as the possibilities of the method 
applied, are discussed. 
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Aplastic Anemia Treated with Anabolic Steroids and 
Corticosteroids’ 


by MARTIN SEIP 


Introduction 


The treatment of aplastic anemia in 
childhood has hitherto mostly given dis- 
couraging results. Although remissions 
have occasionally been observed following 
corticosteroid therapy, splenectomy, or 
with supportive therapy only, a fatal 
outcome due to overwhelming infection or 
hemorrhage has been the rule. Of 40 
patients treated at the Children’s Hospital 
in Boston during a 20-year period only 
one survived after four years. Wolff (4) 
reported that not more than 3.3% were 
cured in a series of 334 patients (including 
both children and adults) suffering from 
aplastic anemia. 

In 1959, Shahidi & Diamond (1, 2) 
reported promising results with a new 
therapeutic regimen, using testosterone 
1-2 mg/kg body weight per day and small 
corticosteroid doses (triamcinelone 12 to 8 
mg per day). A beneficial effect was ob- 
tained in seven of ten patients, while 
three died.,In discussion following the 
paper by Shahidi & Diamond, other in- 
ves‘ gators presented similar experiences 
ina small number of patients (2). 

I. 1960, Shahidi & Diamond (3) re- 


' 3ased on a paper read before Det norske 
Mec cinske Selskab, Jan. 11, 1961. 


ported their results in 21 patients, 11 of 
whom were in remission and an additional 
three in incipient remission, while five 
were dead and two unimproved. 

We have tried a similar, though not 
identical therapeutic regimen in three 
cases and have seen a convincing effect in 
two of them, while one desperately ill 
patient died a few days after the medica- 
tion was started. We now use methan- 
drostenolone (Dianabol, ‘Ciba’), instead of 
the high testosterone doses, in order to 
reduce the incidence of side effects. This 
seems to be as effective, as judged by the 
results in our two cases. 


Case Reports 


Case 1. A girl, born in 1947, developed 
signs of aplastic anemia when 7} years old. 
Three years later, in April 1958, she was 
admitted to the Children’s Department. A 
pancytopenia was present with hemoglobin 
6.1 g%, r.b.c. 2.25 mill., w.b.c. 2800 with 
only 500 polymorphonuclears, thrombocytes 
28,000, reticulocytes 1.2-2.0%. The bone 
marrow was markedly acellular. She was 
treated with corticosteroids and later with 
splenectomy, but only insignificant and 
transient improvement resulted. 

In October 1959 her hemoglobin was be- 
tween 8 and 9 g%, r.b.c. 2.5 mill., reticulo- 
cytes 1.8%, w.b.c. 2500 with 350 poly- 
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Fig. 1. Hemoglobin and reticulocytes, Case 1. 


morphonuclears, blood 40,000- 
50,000. 


She was started on methyltestosterone 


platelets 


25 mg and prednisone 20 mg daily on No- 
1959. One month later a reti- 
culocytosis up to 6.5% developed (Fig. 1). 


vember 3, 


Two and a half months after the medication 
was started her hemoglobin had risen to 12.5 
2%, r.b.c. to 3.76 mill., w.b.c. to 5200 with 
normal differential count, platelets to more 
than 100,000. The bone marrow was much 
improved. The prednisone dosage was now 
reduced to 15 mg daily. Her blood picture 
has remained satisfactory (Figs. 1 and 2). 
Her general health is good, and there is no 
increased bleeding tendency. Rather severe 
acne and hypertrichosis developed on this 
therapeutic regimen. From November 28, 
1960, methandrostenolone 10 mg daily has 
been given instead of methyltestosterone. 
Her blood values and whole clinical picture 
is as satisfactory on this form of therapy. 
Her acne is slowly improving. 

Case 2. A boy, born 1954, the third of four 
siblings. The parents are healthy. A sister of 
the patient died at 7 years of age from Fan- 
coni’s anemia following a two year illness. 
The immediate cause of death was profuse 
bleeding due to thrombocytopenia. Treat- 
ment with corticosteroids, splenectomy and 
blood transfusions had been attempted to 


MARTIN SEIP 


PLATELETS 
_ POLYMORPHONUCLEARS 
PREDNISONE THERAPY 
TESTOSTERONE THERAPY 


POLYMORPHS 


w 
<2 
ax 


3500 
3000 
2500 
2000 
1500 
1000 

500 


=| 


20MGC 
25MG 


NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 
1960 


Fig. 2. Polymorphonuclear leucocytes and blood 
platelets, Case 1. 


no avail. The two other siblings are living 
and well. 

The boy’s anemia was discovered in March 
1960, when he was almost 6 years old. One 
month later he was admitted to the Children’s| 
Department. His appearance was remarkably 
similar to his late sister’s, and he had the 
same malformations, microcephaly 
slight mental retardation (head 
ference 49 cm) and pronounced epicanthal} 
folds. His height was at the 10th percentile. 
He was pale and his skin was covered with 
scattered ecchymoses. A pancytopenia was 
disclosed with hemoglobin 7.7 g%,_r.b.c. 
2.89 mill., w.b.c. 3600, blood platelets 
23,000 and reticulocytes 1.6%. Of 3600 leu-) 
cocytes only 650 were polymorphonuclea’s. | 
Bone marrow aspiration revealed a hyjo- 
cellular specimen with depression of all cie- 
ments. The erythropoiesis was somewhat 
better preserved than the myelopoiesis. 

The patient was started on prednisone 40 
mg daily and methyltestosterone 10 1g 
daily. Three weeks later the prednisone « 0- 
sage was gradually reduced to 15 mg. A? er 
7 weeks on this regimen the condition \ 
almost unchanged, except for a mode 
reticulocytosis and marked side effe:'s, 
hirsutism, acne, flushing of the skin, obes y. 

On May 31 wmethyltestosterone 
therefore replaced by methandrostenol: 
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Fig. 3. Hemoglobin, polymorphonuclear leuco- 


cytes and blood platelets, Case 2. 


(Dianabol), 5 mg daily. At the same time the 
prednisone dosage was reduced to 10 mg 
daily, twelve days later to 7.5 mg. He was 
then discharged from the hospital and has 
since then been treated as on out-patient. 

He was seen again on July 16 and August 
10. There was no obvious improvement in 
the blood picture, but his skin was more nor- 
mal, his obesity less pronounced. On his 
next visit to the hospital on September 5 a 
remarkable improvement had occurred. He 
looked healthy. His hemoglobin had risen 
to 11.6 g%, r.b.e. to 3.8 mill., polymorpho- 
nuclear leucocytes to 1680 per mm? (Fig. 3). 
The thrombocytes were still low (15,000). 

The same therapeutic regimen has been 
continued and has resulted in further im- 
provement. He is leading a normal life and 
has no increased bleeding tendency. His 
hemoglobin level has stabilized around 12 
£%. His blood platelets have started to rise 
and exceed 100,000 per 


Discussion 


\\- have been able to confirm the ob- 


tions reported by Shahidi & Dia- 
| mor: that treatment with testosterone 
and -orticosteroids may induce remission 


ins ne cases of aplastic anemia in child- 
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ren. In our two cases a definite improve- 
ment was noted between two and three 
months after the therapeutic regimen was 
started. A reticulocytosis was seen some- 
what earlier, more so in one of the pa- 
tients. This is in accordance with Shahidi 
& Diamond’s experience. The beneficial 
effect on the erythropoiesis appeared 
earlier and was more pronounced than the 
effect on leucopoiesis and thrombocyto- 
poiesis. Eventually significant increases 
in the number of polymorphonuclear leu- 
cocytes and platelets were also obtained. 
A remarkable increase in bone marrow 
cellularity occurred. The patients now feel 
well, have no abnormal bleeding tendency, 
and lead normal lives. 

Our observations indicate that the same 
beneficial effect can be obtained whether 
methandrostenolone (Dianabol) or testos- 
terone are combined with corticosteroids. 
The dose of methandrostenolone has been 
approximately 0.25 mg/kg body weight 
per day and the corticosteroid doses 
have been small. The marked side effects, 
which are inevitable when testosterone is 
given in the large doses recommended by 
Shahidi & Diamond (1-2 mg/kg body 
weight daily), can thereby be substan- 
tially reduced. Methandrostenolone and 
similar preparations have the anabolic 
properties of testosterone, while their an- 
drogenic effect is slight in the doses used. 
The risk of premature closure of the epi- 
physes is probably not important unless 
the testosterone therapy is continued for 
years, even so it should be considerably 
less with methandrostenolone. The ob- 
servation, if confirmed in a larger series of 
patients, that the beneficial effect of an- 
drogens in some cases of aplastic anemia 
seems to be due to their anabolic rather 
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than their androgenic properties is of 
theoretic as well as clinical importance. 

It should be stressed that the number 
of patients treated is still so small that 
further experience is necessary before a 
more detailed evaluation of these thera- 
peutic regimens in aplastic anemia is pos- 
sible. Aplastic anemia is not a single 
disease, and many patients will probably 
not respond to this new therapy. Whether 
the remissions induced will be permanent 
is as yet unknown, although Shahidi & 
Diamond followed their cases up to 3 years. 

Whether and when the medication can 
be safely discontinued is unknown. Sha- 
hidi & Diamond discontinued the medica- 
tion in six patients. One relapsed, while 
five were in relatively good remissions 
4 to 14 months after the treatment was 
stopped. I would suppose that some pa- 
tients, e.g. those with Fanconi’s anemia, 
should be treated over a very long period 
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of time, possibly for the rest of their ives 
while other patients can be tried wit hout 
medication after about a year. Indivic uali. 
zation is certainly necessary. A prolc nged 
therapeutic regimen, if indicated, is ¢asie 
to carry through with methandrosten lone 
than with testosterone. 

It is remarkable that a beneficial « ffect 
has been observed in the Fanconi type of 
aplastic anemia, which has hitherto been 
invariably fatal. 


Summary 


Two patients with aplastic anemia (one 
of them suffering from familial Fanconi 
anemia) are presented, in whom treatiment 
with anabolic steroids and corticosteroids 
resulted in marked improvement. Ou 
limited experience indicates that methan- 
drostenolone produces much fewer side 
effects and may be as effective as testo. 


sterone in this condition. 


3. — Further observations on _ testosterone 
induced remission in aplastic anemia 
Amer J Dis Child, 100: 753, 1960. 

4. Wotrr, J. A.: Anemias caused by infection: 
and toxins, idiopathic aplastic anemia 
and anemia caused by renal discase 
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The experimental approach using con- 
| (one} ditioned reflexes has produced significant 
neonif basic data on the early development of 
ment} higher nervous system activity in infants. 
roids} Food-seeking reflexes are particularly im- 
Ow} portant in the first months of life, and 
than upon their proper functioning depend 
side} health and life during the period of rapid 
esto. growth in suckling young. For example, 
| motor food-ingestion reflexes make their 
appearance by the third intrauterine 
month in the human fetus (Minkowski 
/ 1928), and are fully capable of function at 
rone} birth. 
emia} Among motor food-ingestion reflexes, 
‘tiont the conditioned sucking reflex has been 
tins thoroughly studied (2, 6, 8, 10, 19). Upon 


critical analysis we have observed several 
basic disadvantages of this method: it is 
not possible to employ conditioned sucking 
for estimation of more sensitive indicators 
of higher nervous activity, such as in- 
of reaction and latent period; 
ermore, from the methodological 
t, two contradictory trends are ap- 
par it with increasing age, regressive 
cha’ zes in the sucking reflex occurring 
at te same time as progressive develop- 
me: of higher nervous activity in infants 
(13. 14). 
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Conditioned Head Rotation Reflexes in Infants in the First 
Months of Life 


by HANUS PAPOUSEK 


For these reasons we have attempted to 
employ turning of the head toward a 
source of food as the fundamental reac- 
tion for elaboration of conditioned reflexes 
in infants. In this communication data 
concerning the use of this new method in 
study of infantile higher nervous activity 
will be presented. 

Head rotation reflexes are described in 
the literature as either the seeking compo- 
nent of suckling (‘‘rooting reflex’’) or as 
orientational reactions. It is possible to 
evoke head rotation at birth by tapping 
the facial nerve at its outlet (3) or the 
facial muscles (1). Babkin distinguished 
this reflex movement from the “rooting 
reflex’’ and orientational head rotation, 
which have their centres in the diencepha- 
lon, and did not consider the latter re- 
flexes as inborn. Bechterev & Séelovanov 
(2) and Peiper (15), on the other hand, 
number them among the inborn basic 
reflexes present at birth. Stirnimann (22) 
reported that the seeking reflex is less 
constant than sucking activity in new- 
born infants up to 10-14 days of age, and 
concluded that this indicated regression 
in the biological significance of this reflex. 

The food-seeking reflex is evoked pri- 
marily by gentle tactile stimulation of the 
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Fig. 1. 


face in the vicinity of the corners of the 
mouth. The infant usually turns its head 
quickly toward the stimulating object 
and attempts to seize it in his mouth. 
During hunger, seeking movements may 
appear in the absence of any discernable 
stimulus (17, 18). Therefore, Popper (16) 
(7) number 
them among purposive movements. Root- 


or Gamper & Untersteiner 


ing reflexes may also be called forth by 
temperature stimuli (5, 20, 21, 23), but 
not by olfactory stimuli (4, 19). According 
to Peiper (15), natural conditioned re- 
flexes associated with obtaining the bottle 
develop during the first month of infancy. 
With suitable positioning seeking move- 
ments can be evoked in all three axes— 
vertical, sagittal and transversal. After 
satiation, both conditioned and uncondi- 
tioned food-seeking activity is suppressed. 


Position of infant in the recording apparatus. 


Head rotational reflexes in the sense of 
a conditioned orientational reaction were 
studied by Kasatkin et al. (9), who de- 
scribed objective registration of head 
rotation employing fixation of threads to 
each temple, leading over pulleys to pen- 
writers, one recording movements to the 
left, the other to the right. 

Our studies on conditioned food-seek ing 
head rotation were begun in 1956, and an 
original method was worked out and ued 
throughout these studies (13). 


Methods 


Recording. The infant lay in a crib fi: ‘ed 
with an elastic pad, which allowed regis ra- 
tion of overall activity as well as parti lly 
immobilizing the infant so as to elimir ate 
disturbing activity (Fig. 1). During m«< ve- 
ments of the infant the pad oscillated, nd 
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Fig. 


source of direct current 8 V. P 1, P 2=potentiometers 50 Q/2 W. V 


Z=electromagnetice penwriter 400 Q. 


the oscillation, transmitted through a pneu- 
matic system, was recorded kymographi- 
cally as an actogram. In order to compare 
actograms of children of different body 
weights, special calibration of the kymograph 
is necessary (PapouSek 1956). Pneumatic 
registration of respiration was usually car- 
ried out simultaneously. 

The infant’s head was placed in an in- 
dependent padded cradle, which rotated 
about the horizontal axis with rotation of 
the head. Two potentiometers, joined as 
shown in Fig. 2, were placed in this axis 
with a battery or a rectified transformer as 
voltage source. Changes in potential oc- 
curring with rotation of the head in this axis 
registered with a high resistance 
electric penwriter, connected between the 
slides of the potentiometers. The sensitivity 
of the recording system was given by the 
potential applied to the potentiometer 
circuit (2-8 V). In our system the kymograph 
penwriter gave deviations of 1 or 2 em with 
head -otation of 90° (Fig. 3). 

An important factor was the placing of the 


were 


axis »bout which the head cradle rotates. 
A se: -w, fixing the cradle to the axis, could 
be n »ved vertically, thereby enabling the 
crad! to be balanced so that even a new- 
born infant had no difficulty holding its 
head n the central, neutral position. On an 


ordin ry crib surface an infant does not hold 
its ht .d in this position during the first few 


2. Diagram of mechanical and electrical registration system (design J. Schenzer). B= 


potential selector (2-8 V). 


months of life, but lies with the head turned 
to one side or the other, according to its 
intrauterine position. 

Conduct of experiments. An acoustic stim- 
ulus—the bell or 
buzzer—was used as the conditioning sti- 
mulus. This was oriented centrally above 
the crib. Milk was offered from one side or the 
other as the unconditioned stimulus. The 
milk was given by a nurse, sitting concealed 
at the infant’s head, and offered in such a 
way that the infant could not see the nipple 
without turning its head. 

In preliminary observations it was as- 
certained that the sounds of bell or buzzer 
were indifferent with respect to this experi- 
mental situation. A conditioned reflex to the 
bell was then elaborated, offering milk from 
the left. The bell rang for a maximum of 10 
seconds before milk was given. If the infant 
turned its head to the left, it received the 
nipple immediately, and the bell was turned 
off. If the infant did not seek and receive 
the milk within 10 seconds, the nurse first 
touched the left corner of the mouth with 
the nipple and, if this tactile stimulus was 
ineffective, turned the infant’s head, and 
placed the nipple in its mouth, after which 
the bell was turned off. 

The experiment was thus arranged so 
that the more rapidly the infant reacted 
correctly, the sooner he received the milk. 
As long as he did not carry out the correct 
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Pneumogram A 
90° left 
90° right | 
End of feeding 


29d signal 


signal. 


Seconds Bell Bell 


' ' H 
H : : 
‘ ‘ H 
' 
: 
' 
1 
— 
Buzzer Buzzer 


Fig. 3. Example of kymographic record of conditioning of head rotation in 5-month-old infant TS 
From above: actogram, pneumogram, rotation of head, end of feeding, beginning of feeling 


conditioned signal, time signal (seconds). The 
(to the left), the 2" part the reactions to the 


movement, he received nothing to drink. 
In this way the practical significance of a 
correct response was emphasized and prob- 
ably explains the gradual shortening of the 
latent period with adaptation to experi- 
mental conditions. 

When conditioning was so firmly estab- 
lished that the infant carried out 5 successive 


18* part shows the positive reactions to the bel 
buzzer (to the right). 


correct responses, reinforcement of the bel 
stimulus was stopped, and the extincticn 0! 
the conditioned reflex studied. Again, v hen 


the infant did not react positively to th 


bell stimulus 5 successive times, the ec nd: 
tioning was renewed, and differentiatica 0 
two positive stimuli studied. A new stim alt 
—a buzzer—was introduced and reinfo 
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‘ABLE 1. Number of stimuli required for elaboration or extinction of conditioned 
head rotation. 


Number of stimuli 


Infant Age at beginning of a b 
N° investigation (days) elaboration extinction 
33 3 455 — 
32 iby 193 29 
31 19 275 24 
44 20 73 26 
45 20 57 60 
43 21 169 35 
50 55 26 65 
46 56 95 14 
41 56 95 46 
48 56 75 75 
42 56 45 12 
49 56 19 — 
34 85 68 30 
39 85 58 25 
37 85 25 37 
40 86 55 29 
35 88 62 18 
36 89 44 EG 
30 131 41 12 
28 140 35 60 
47 140 26 34 
29 143 40 22 
21 146 50 


by administration of milk from the right 
side. The criterion of elaboration of differen- 
tiation was taken as successful responses to 
6 successive stimuli (3 bell and 3 buzzer in 
random order). After accomplishing this 
differentiation, the signals were reversed, 
with bell for right side reinforcement and 
buzzer for the left. 

One session was limited to 10 conditioned 
stimili as a rule. Care was taken not to have 
intervals between stimuli the same. A 
n, once daily, lasted 10-15 minutes. It 
ly took place at the forenoon feeding 
(10-11 o’clock), and before it the infant 


sessi 
usué 
time 
slep 

Ii our experience an infant at rest does 
not nove its head more than 30° from the 
new ‘al supine position. Rotation of the head 
30°. 30° is taken as a weak positive response 
and more than 60° as a strong positive 


response. These angles can be defined with 
suitably placed contacts or with various 
types of electrical signals. 

Selection of infants. Care was taken that 
reproducibility of experimental conditions 
was not interfered with by pathological 
factors affecting head rotation (postnatal 
hemorrhage into the sternocleidomastoid, 
asymmetry of cervical musculature, defor- 
mity of the skull, neurological abnormalities 
etc). The physiological tendency of the new- 
born to turn its head on one side, usually the 
right, did not prove a serious hindrance, 
since in this apparatus, as already men- 
tioned, even a newborn infant had no difficulty 
holding its head in the neutral position. 

From 1956 to 1958, 23 healthy fullterm 
infants were studied. Throughout the period 
of study the infants remained under the care 
of personnel in the research ward for healthy 


| 
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TABLE 2. Number of stimuli required for elaboration and double reversal of different: :tio) 
between two positive stimuli. 


Number of stimuli 


Infant Age at beginning of a b c 
N° investigation (days) differentiation 15" reversal 2nd reversal 
44 43 31 73 49 
43 61 211 44 20 
45 62 163 93 49 
32 63 149 25 — 
42 67 151 23 39 
50 76 123 92 20 
41 88 a6 26 29 
48 90 129 27 35 
31 92 82 — 

40 103 106 42 31 
39 104 123 59 33 
36 108 85 50 18 
37 112 88 We 44 
35 113 126 
34 119 127 42 49 
47 152 51 84 112 
28 156 51 

30 165 7 = = 
29 174 47 — 

27 159 discharged 

46 80 unsuccessful up 


to the age of 
167 days 


infants (84,6 days on the average). In all, 
a total of 13,422 stimuli 
were employed. In one infant elaboration of 
conditioned reflexes was begun at 3 days of 
age. The remaining infants fell into 4 narrow 
age groups at the beginning of the study 
(Table 1). 


in 1457 sessions 


Results 


Table 1. (a) shows the rapidity of ela- 
boration of conditioned head rotation, 
as measured by the number of stimuli 
necessary to achieve the given criterion. 
In infant 33 a stronger stimulus was em- 
ployed, and experimental sessions were 
more frequent in order to achieve maximal 
rapidity of conditioning, so that this infant 
is not comparable to the rest of the group. 
The first weak positive response was ob- 
served on the 5 day of age, after 58 
stimuli, but not until the 8" day and 83 


stimuli did conditioned reflex begin to ap- 
pear regularly. The criterion of 5 suc. 
cessive positive responses was attained by 
this infant on the 32" day of life, after 45i 
conditioning stimuli. In the remaining; 
infants there was a statistically significant 
direct relationship between age and rapi- 
dity of conditioning (P < 0,01). Indivi:lual 
differences, however, appeared in ever\ 
age group. 

The extinction of conditioned ref] 


occurred more rapidly than their elabora-| 


tion, but the rapidity of extinction wa 
related neither to age, nor rapidity of igi: 
nal conditioning, and individual diffe ren- 


ces here were not marked. The numb: r 0! 


non-reinforced stimuli preceeding exi inc- 
tion (by the criterion described above ar 
also presented in Table I (b). 
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T: ble 2 (a) presents data concerning 
rapicity of differentiation of two positive 
stim ili in individual infants. The rate was 
take: as the number of new 
(buzzer) preceeding successful differentia- 


stimuli 


tion. 

In almost all children differentiation 
was learned without difficulty. Only in- 
fant 46 failed to achieve differentiation 
even after 50 days. In this infant one had 
the impression that the learning task was 
simply too difficult, he reacted more fre- 
quently with restlessness during sessions, 
gave chaotic responses and differentiation 
remained very weak and erratic. Infant 
27 was inadvertantly discharged from the 
ward before achieving this phase of con- 
ditioning. 

As with primary elaboration of condi- 
tioning, a statistically significant depen- 
dence upon age was apparent (0,02 > P > 
0.01). With increasing age a negative 
selection of infants began to become of 
significance, since infants who were the 
slowest to elaborate primary conditioning 
were thereby oldest at the beginning of 
differentiation studies. We did not, how- 
ever, find any correlation between rapidity 
of differentiation and rapidity of elabora- 
tion or extinction of primary conditioning. 
Individual differences were also apparent 
in the rapidity of elaborating conditioned 
reflexes to a new stimulus (buzzer) and 
in the influence of the new stimulus upon 
the level of conditioned response to the 
inal stimulus—bell. In addition there 
ap) eared interesting individual differences 


ori: 


in -ome phenomena accompanying con- 
dit »ning (total motor activity, respira- 
tio , vocal and facial reactions), which 
rec tire further study. 

able 2 (b) shows the rate at which in- 
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fants achieved differentiation when the 
two positive signals were reversed—i.e. 
when they signaled reinforcement with 
milk from the opposite side. The rate is 
expressed as the number of buzzer signals 
preceeding achievement of the criterion of 
the differentiation. The number of infants 
gradually decreased, since it was not pos- 
sible to keep them all on the ward for a 
sufficiently long period. 

When the infants are arranged by age, 
it is apparent that infants in whom the 
preliminary phase lasted longer predomi- 
nate. This negative selection was probably 
the reason why no significant relationship 
to age was demonstrated in this group. 
On the contrary there was a tendency 
for older infants to elaborate this process 
more slowly. With the exception of two 
infants (44 and 47), the reversal of dif- 
ferentiation occurred more rapidly than 
the original process of differentiation. 

The second reversal of differentiation, 
in which both signals reverted to their 
original meaning, was also studied. As can 
be seen in Table 2 (c), the second reversal 
of differentiation signals was followed by 
rather faster learning than during the 
first reversal or original differentiation. 
Again, no statistically meaningful relation 
was found to age or to previous phases of 
the experimental situation. 

This method has enabled measurement 
of latency and intensity of head rotation 
responses with relative ease. The latent 
period seemed characteristic for individual 
infants. It tended to decrease gradually 
with elaboration of the conditioned reflex 
and with age, but in certain infants was 
always longer than in others. In the course 
of differentiation, the latent period first 
lengthened, particularly in younger in- 
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TABLE 3. Individual differences in latency of response. 
a=average latency (seconds) of first 10 correct responses 
c= ‘5 of last 10 
Average latency during 
elaboration differentiation reversal 
N° a b ec a b c a b ¢ 
34 2.96 4.65 3.53 2.70 — 2.65 1.20 1.05 0.7: 
40 3.07 3.52 1.67 1.67 2.75 2.42 1.90 1.90 2.60) 
42 3.53 3.12 1.82 3.40 4.80 — 2.96 3.26 3.84 
39 3.87 B.Ad 4.02 2.20 1.70 0.68 3.32 2.52 1.37 
50 4.90 — 5.07 2.14 4.50 2.48 2.55 2.85 2.20 
47 5.33 — 4.66 2.76 3.03 3.02 3.47 3.15 3.31 
45 5.44 6.43 6.22 3.36 5.36 2.96 2.18 2.22 1.85 
44 5.80 5.91 4.96 4.36 4.41 3.36 3.39 3.41 3.27 


fants, and then again decreased. In addi- 
tion, the latent period was found to reflect 
temporary influences sensitively—the de- 
gree of hunger, various changes in the 
dynamic stereotype and _ experimental 
conditions, the course of the previous 
response ete. 

A detailed analysis of these associated 
subtle indicators of the functional state of 
higher nervous activity deserves a sepa- 
rate communication. Here, for illustration 
only, changes in individual latent periods 
and their changes in the course of investi- 
gation are shown in Table 3. 

In general, the remarks above apply to 
the intensity of response. In our experi- 
ence, however, intensity of reaction is a 
less sensitive indicator than latent period. 
In this case, we also observed dependence 
upon age, the degree of elaboration of 
conditioning, and individual characteris- 
tics. In younger infants, unclear reactions 
appeared first, followed by weak responses, 
which gradually strengthened. In older in- 
fants reactions sometimes 
striking, even after only few reinforce- 


were very 


ments. During extinction of conditioned 
reflexes the intensity of response gradually 
decreased. Intensity often decreased tem- 
porarily during differentiation and_ 
versed differentiation. 

In addition to intensity and latency of 
reactions, it was also possible to estimate 
the rapidity with which the infant turned 
his head. It has been a frequent observa- 
tion that a strong, rapid reaction had a 
short latent period and conversely. 


Discussion 


These studies have comfirmed ‘hat 
reflex rotation of the head towar| a 
source of food is advantageous meth«do- 
logically for the investigation of condi: 
tioned food-seeking reflexes even in 1 ew: 
born infants. In our results, the influcnce 
of age upon elaboration of conditic ned 
reflexes has been found to be quite «on- 
sistant, unlike results using the suc! ing 
reflex, which simplifies analysis of de: 
velopmental processes in higher nery ou 
activity. 
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It has been found that data on basic 
indices of higher nervous functions can 
be obtained, even in the first half year 
of life. A sufficiently well-established con- 
ditioned reflex can be elaborated by the 
beginning of the 2"* month, differentiation 
between two positive stimuli by the 3" 
month and reversal of differentiation by 
the4'" month. The latter was even achieved, 
in one infant, in the 3™ month of life. 
In addition to data on the rapidity of 
the conditioning process, this method 
has also permitted study of more subtle 
indicators of cortical function, such as 
the latency and intensity of conditioned 
responses. This experimental approach 
has the added advantage that the infant 
receives milk to drink only when it carries 
out the correct motor reactions, which is a 
powerful impulse toward shortening of the 
latent period of response with adaptation 
to the experimental situation. We believe 
this experimental approach to have more 
than purely methodological interest, for 
it has already yielded interesting data on 
latency of motor responses at this age, 
which as yet have not been described. 
Observations on the relatively complex 
differentiation of which 3 or 4 month old 
infants are capable have not as yet been 
reported. 

The circumstance of elaboration of two 
analogous conditioned reflexes—rotation 
of t!e head to the left or right—opens im- 
port int new methodological possibilities. 


Firs’ one can study elaboration of two 
rein oreed stimuli. This is superior to 
usit + differentiation between a reinforced 
and 1on-reinforced stimulus in that it does 
not evoke the marked restlessness often 
pro uced' by, for example, frustration of 


the sucking reflex when milk is not forth- 
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coming. It also permits comparison of two 
symmetrical reflexes under ideally com- 
parable conditions, observation of the in- 
fluence of the mode of reinforcement, etc. 

This method also opens the way to a 
study, not of pure motor responses alone, 
but of the development of purposeful 
adaptive activity as a whole. Using the 
experimental situation described, reflex 
rotation of the head may be given the 
meaning of a purposeful food seeking 
response, an orientational reaction, or 
even a defense reaction. One can study 
how a simple basic movement, easily 
registered, develops into a complex adap- 
tational response, to which an infant im- 
parts various meanings with various sti- 
muli. To our knowledge, analysis of 
purposeful activity at such an early age 
does not appear in the literature. For that 
matter it has not been suggested that 3-4 
month old infants are even capable of 
such complex reactions as appeared in 
these observations. This is probably be- 
cause heretofore coordination of activity 
in limbs, particularly the upper, has 
usually been studied. However, if one 
studies head movements which according 
to the principle of cephalocaudal develop- 
ment of motor activity mature sooner 
than movements of extremities, diffe- 
rentiation of motor reactions can be detec- 
ted earlier than has been hitherto sup- 
posed. 

The results of the investigation using 
conditioned head rotation may be sum- 
marized as follows: 

1) Conditioned rotation of the head 
toward a source of food may be used for 
the study of conditioned reflexes in in- 
fants the first few months of life. Respon- 
ses are obvious, and easily registered 
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kymographically. Analysis of records is 
simple. Registration of head rotation and 
total motor activity may be carried out 
simultaneously. 

2) It is possible to elaborate a suffici- 
ently stable conditioned reflex, on the 
basis of unconditioned head turning, by 
5-6 weeks of age. Weak and unstable con- 
ditioned responses were observed in one 
infant in the 2"* week of age. 

3) It is possible to elaborate differentia- 
tion between two positive stimuli. The 
infant thus elaborates two symmetrical 
hetero-lateral but entirely analogous re- 
flexes. One stimulus is reinforced by giving 
milk from the left, the other from the 
right. Such differentiation was acheived 
in one infant the 2™ month, but in the 
majority it appears during the 3" month. 
By the 6™ month it was possible to finish 
two reversals of differentiation of two 
positive stimuli. In one infant this was 
accomplished by the end of the 2"* month. 

4) The original elaboration of a condi- 
tioned reflex and differentiation of two 
positive stimuli is dependent upon age, 
and this age correlation is statistically 
significant—the older the infant, the more 
rapid conditioning or differentiation. Ex- 
tinction of conditioning and renewal of 
the conditioned response, on the other 
hand, are not related to age. No relation- 
ship with age was apparent in reversal of 
differentiation, since here a _ negative 
selection of individual infants operated 
(those infants slowest at achieving the 
preliminary stages of conditioning, reached 
this phase at the oldest ages). 

5) In addition to data on rapidity of 
conditioning, this method has also yielded 
more subtle indications of higher nervous 
activity—latency and intensity of condi- 
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tioned responses. Observations of | the 
latency of motor reactions in very yun 
infants were obtained. Latency :ase; 
as conditioning progresses, more ra id) 
in older infants. Changes in latency wer 
considered to be manifestations of co.tical 
adaptation to the experimental situ: tion 
and the situation was designed to de mon. 
strate this, since the rapidity with whicl 
the infant carried out the correct res} onse 
determined the rapidity with which it ob. 
tained milk to drink. 

6) Employment of conditioned head 
rotation, as described here, is suitable for 
other than the study of conditioned fooi 
seeking reflexes. Since it is possible ti 
elaborate two entirely analogous sym. 
metrical reflexes under ideally comparabl 
conditions, it permits comparison of thi 
influence of modification of the condition. 
ing stimulus, unconditioned reinforcement 
and other experimental conditions. 

This experimental approach is als 
promising for the study of purposive acti 
vity. Head rotation is singularly suited ti 
the study of how a basic responsive move’ 
ment becomes modified 
conditions. Head rotation may function i 
various circumstances as a component ¢! 
food-seeking activity, orientation or de 
fense reactions. A further advantage lie 
in the fact that purposive head moven ent: 
by the principle of cephalocaudal dev: lop: 
ment, appear earlier than those of ex: 
tremities, and are also easier to reg:stel 


under variou 


Summary 


A new experimental system for stu:'y 
higher nervous function has been t: ste 
23 normal fullterm infants. [hi 
method employs conditioned rotatio 
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the sead recorded electro-mechanically. 
As «ompared with conditioned sucking 
studies, this method has been found ad- 
vantageous from several points of view. 

New data on the development and coor- 
dination of motor responses in young in- 
fants have been obtained. A sufficiently 
stable conditioned reflex may be achieved 
at 4-6 weeks of age, differentiation of 
two positive stimuli at 3 months and 
double reversal of this differentiation in the 
4" month. The experimental approach 
described permits study and comparison 
of two analogous symmetrical heterolateral 
reflexes and simple analysis of intensity 
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and latency of response as sensitive indi- 
cators of cortical functions. It also opens 
new possibilities for the study of early 
purposive motor reactions. Since rotation 
of the head may take on various meaning 
—food-seeking, orientation, defense—it 
is particularly well suited to the study of 
ontogenetic change of one simple motor 
act into a complex adaptative mechanism. 
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Studies of the Immunological Relationship between the Antigens 
from Different Organs in Human Ulcerative Colitis! 


by OVE BROBERGER 


In a previous publication [1] it was 
reported that sera from children with ul- 
cerative colitis usually contain antibodies 
which react with extracts from human 
colon, liver or kidney. The antibodies 
could be demonstrated by means of gel 
diffusion and haemagglutination tech- 
niques and behaved electrophoretically as 
gamma-globulins. The tissue extracts were 
prepared by extraction with phenol- 
water at 65°C and were supposed to con- 
tain lipopolysacharides. This assumption 
was further substantiated by the fact that 
the extracted tissue components could be 
adsorbed onto sheep red cells without 
previous treatment of the cells with 
tannic acid [2]. 

Since the sera reacted with extracts from 
both colon, liver and kidney, it was de- 
sirable to learn whether the antigens from 
the different tissues were immunologically 
identical, related (cross-reacting), or dif- 
ferent. Previous experiments, by means of 
gel ‘iffusion techniques, had given certain 


indi ations that they could be identical or 
cros-reacting [1]. However, gel diffusion 
can ot be regarded as a sensitive tool for 


the study of antigenic identities in cases 
whe knowledge of the optimal concen- 
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trations of antigen and antibody is not 
precise. This communication gives the 
results of a study of such relationships 
by means of haemagglutination inhibition. 


Methods 


Source and preparation of antigen. Colon, 
liver and kidney were obtained within one 
hour after death from children (blood group 
O) who had died during their first day of 
life. The organs were extracted with phenol— 
water at 65°C as described elsewhere [1]. 
For coating of the red cells the lyophilyzed 
extracts were dissolved in buffered saline 
(phosphate buffer, pH 7.4) in a concentra- 
tion of 0.5 mg/ml. 

Antiserum. Serum from a child with ul- 
cerative colitis was used as antiserum. It 
reacted with colon extract in a dilution of 
1/64 and with liver extract in a dilution of 
1/32. Before use, the serum was inactivated 
at 56°C for 20 minutes in order to destroy 
complement. Heterophile antibodies were 
removed by repeated absorption with washed 
sheep erythrocytes. 

Haemagglutination inhibition. Sheep eryth- 
rocytes were coated with colon or liver 
extracts as described elsewhere [1]. The titra- 
tions were performed on perspex trays (MRC 
pattern). Serial dilutions of serum were 
made in buffered saline and aliquots of 0.1 
ml of the dilutions were placed in the rows 
of holes on the tray. One-tenth of a millilitre 
aliquots of the antigenic extract were then 
added using a different concentration of 
antigen for each row of serum dilutions. 
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Fig. 1. 
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Haemagglutination inhibition of sheep erythrocytes coated with colon extract after ab- 


25.25 50 100 2009 


sorption of antiserum with colon, liver and kidney extract. Abscissa: Amount of antigenic extract 
(ug) used for absorption of 0.1 ml of antiserum. Ordinate: Serum titre given as the reciprocal 


of highest serum dilution giving 


macroscopically visible haemagglutination. Circles: Haemag- 


glutination of colon-coated cells after absorption of antiserum with colon extract. Triangles: Afte: 


absorption with liver extract. Squares: 


Antigen dilutions were made in twofold 
steps from 1/1 (=0.2 mg/ml) to 1/256. In 
controls, 0.1 ml of buffered saline instead 
of antigen was added to each of the serum 
dilutions. For absorption the mixtures were 
incubated at 37°C for 60 minutes. One-tenth 
of a millilitre aliquots of a 0.25% suspen- 
sion of antigen-coated sheep erythrocytes 
(standardized in a Beckman spectrophoto- 
meter after haemolysis) were finally added 
to all samples. The trays were shaken and 
kept at 37°C for 60 minutes. After a second 
shaking the trays were left at 4°C overnight. 
The settling pattern of the red cells gave 
some indication of the degree of haemagg- 
lutination. However, the final judgement 
was always made on the appearance of the 
red cells after a gentle shaking. The serum 
titer is given as the reciprocal of the highest 
serum dilution giving macroscopically visible 
haemagglutination. 


Results 


As can be seen from Fig. 1, unabsorbed 
serum caused haemagglutination of sheep 
erythrocytes coated with colon extract in 


After absorption with kidney extract. 


a serum titer of 64. When the serum was 
absorbed with 2.5 ug of colon extract or 
more, the haemagglutination was com- 
pletely inhibited. Using liver extract for 
absorption, complete inhibition could not 
be obtained under the present experimen- 
tal conditions. The curve represented by 
squares reveals that the inhibitory capa- 
city of the kidney extract was even !ess 
than that of the liver extract. 

Fig. 2 shows the results of another ex- 
periment when the sheep red cells were 
previously coated with liver extract. In 
this case, the titer of the unabsor ed 
serum was 32. As is apparent from the 
shape of the curves, no significant lif- 
ference between the inhibitory capaci ies 
of the colon and liver extract could be 
noted in an experiment of this type. /n- 
fortunately, the small amount of kid .ey 
extract available prevented additic nal 
experiments with kidney-absorbed ser im 
or with kidney-coated cells. 
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Fig. 2. Haemagglutination inhibition of sheep erythrocytes coated with liver extract after ab- 

sorption of antiserum with colon and liver extract. Abscissa: Amount of antigenic extract (ug) 

used for absorption of 0.1 ml of antiserum. Ordinate: Serum titre given as the reciprocal of highest 

serum dilution giving macroscopically visible haemagglutination. Circles: Haemagglutination of 

liver-coated cells after absorption of antiserum with colon extract. Triangles: After absorption 
with liver extract. 


Discussion 


There are several explanations available 
for the results of the haemagglutination 
experiments depicted in Fig. 1. Thus one 
could assume that haemagglutination is 
brought about by the reaction of the anti- 
bodies with an immunologically identical 
antigen occurring in both colon, liver and 
kidney extracts. The greater inhibitory 
capacity, based on the amount of lyophi- 
lvzed powder used, of the colon extract 
as compared with that of the liver or kid- 
ney extracts would then be due to a larger 
amount of antigen in the colonic extracts. 
Secondly, the antigens occurring in the 


three organs could be different but im- 
munc‘ogically related. In this case, hae- 
utination inhibition would have 
been caused by the presence, in the liver 
and 1 ie kidney extracts, of antigens which 
cross -eact with the antibodies against 
the « lon antigen. With other words, the 
resul': obtained in Fig. 1, with liver or 
kidn » extracts, could be explained on the 


basis of a lesser fit of these antigens with 
the anti-colon antibodies. However, a 
third possibility has also to be taken into 
consideration. In addition to antibodies 
against one or several common antigens 
present in colon, liver and kidney, the 
sera may also contain antibodies against 
antigen(s) present only in the colon. This 
would fit with the incomplete inhibitions 
obtained with the liver and kidney ex- 
tracts in the experiments of Fig. 1. More- 
over, this explanation is favoured by the 
results given in Fig. 2. The very similar 
inhibition curves obtained here with the 
colon and liver extracts seem to indicate 
that only a fraction of the antibodies 
which participate in the haemagglutina- 
tion of colon-coated cells are involved 
in the haemagglutination of liver-coated 
cells. In any case, the complete inhibition 
of haemagglutination of liver-coated cells 
after absorption with colon extract also 
suggests that these two organs have at 
least one immunologically identical or 
similar antigen in common. 
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The occurrence of antibodies, in the 
sera of patients with ulcerative colitis, 
against several unrelated antigens would 
account for the fact, noted previously [1] 
that not all sera which react with colon 
extract also react with liver or kidney ex- 
tract. However, the insufficient amount 
of antigen available has so far prevented 
an exploration of this problem. Any de- 
finite conclusions as to a possible multi- 
plicity of the antigens and the antibodies 
have to await the results of further ex- 


periments. 


OVE BROBERGER 


coated with phenol—water extracts o hu. 
man colon, liver or kidney. It was f und 
that the haemagglutination of « 
coated cells could be completely or par 
inhibited by previous absorption o 
sera with extracts of colon, liver or ki: 
Likewise, the haemagglutination of 
coated cells could be inhibited by n ean 
of extract from colon or liver. The results 
indicate that liver and colon contain at 
least one immunologically identical or simi. 
lar antigen. In addition, certain prelimi. 
nary results suggest that the sera contain 
antibodies against several distinct anti. 


Ton. 
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the 
ney, 
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Summary gens, some of which are present only in the 
Sera from children with ulcerative colitis extracts of colon and not in those of liver 
haemagglutinate sheep red blood cells or kidney. 
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From the Department of Obstetrics and Gynecology and the Pediatric Clinic, 
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Concentration of Fibrinogen in the Plasma of Healthy and of Erythro- 


blastotic and Hyperbilirubinemic Newborn Infants 


by LARS ENGSTROM and LARS KAGER 


Taylor (5) presented the data from the 
iterature on the concentration of fibrino- 


gen in the plasma of newborn infants. 
The mean values reported in the various 
studies range from 140 to 350 mg/100 ml, 
with individual observations from 50 to 
800 mg/100 ml. The discrepancies are thus 
considerable. Taylor also made observa- 
tions of the concentration of fibrinogen in 
the plasma during the first week of life of 
45 healthy infants. He used the clot density 
technique of Losner et al. (2) and found a 
slight inerease in mean concentration of 
fibrinogen during the first three days of 
life. (First day mean 231 and range 182- 
398, third day mean 264 and range 196- 
399.) Neither sex, birth weight, nor con- 
centration of fibrinogen in the mother’s 
plasma had any influence on the infant’s 
| concentration of fibrinogen. Taylor 
ssed the possibility of fibrinogen con- 
ition being used as a measure of an 


initi: 
centi 
’s liver function. 

Ri-e (4) reported an immature infant 
weight 1900 g) with erythroblastosis 
etechiae on the abdomen and face 
vith blood-tinged sputum. The clot- 
time was two hours. Addition of 
bin in excess resulted in the forma- 
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tion of a fine fibrinous network. After 
exchange transfusion of 25-35% of the 
blood, the plasma fibrinogen was 120 mg/ 
100 ml. Rice concluded that the quantity 
of fibrinogen before the transfusion had 
either been appreciably lower, or that the 
blood had been initially free of fibrinogen. 

Proceeding from Taylor’s and Rice’s 
results we have investigated whether there 
is any difference between the concentra- 
tions of fibrinogen in the plasma of healthy 
infants with 


newborn infants and in 


erythroblastosis or hyperbilirubinemia 


without blood-group incompatibility. 


Material and Methods 


Samples for fibrinogen study were drawn 
from 39 infants by means of a polyethylene 
catheter introduced into the umbilical vein. 
Twenty of the subjects were healthy full- 
term infants; the samples from fourteen of 
these infants were collected within two 
hours after birth, while in the other six the 
study extended over the first three to six 
days of life. 

Ten infants had erythroblastosis due to 
Rh or ABO immunization of the mother. In 
these cases the samples were collected within 
two hours of birth and before an exchange 
transfusion. 


| 
| 


582 


TABLE 1. Fibrinogen 


LARS ENGSTROM AND LARS KAGER 


concentration in plasma of erythroblastotic infants at birt: 


(mg/100 ml). 


Degree of severity 


No. of cases Fibrinogen 


Group 1 


Coombs( + ); 0 exchange transfusion l 270 
Group 2 
1 exchange transfusion 4 190, 230, 240, 310 
Group 3 
2 exchange transfusions 2 240, 300 
Group 4 
3 or more exchange transfusions 3 285, 290, 350 
Groups 1-4 
No. of cases Range Mean SE SD 
10 190-350 271 14.7 46.3 
Nine infants had exchange transfusions value of 225. (Standard error +10. 


performed because of hyperbilirubinemia 
without blood-group incompatibility. Sam- 
ples for fibrinogen determination were drawn 
before the first transfusion, 
between the third and sixth day of life. 
The fibrinogen was determined by Mor- 
rison’s syneresis method (3) as modified by 
Blombiack (1), a method not previously used 
in determination of fibrinogen in the plasma 
of newborn infants. The anticoagulant used in 
the collection of the samples consisted of 
3.8% trisodium citrate (2 H,O) in a dilution 
of one part to nine parts of blood. To every 
ml of trisodium citrate 40 mg of lysin ethyl 
ester dihydrochloride were added, so that 


which was 


any fibrinolytic activity present in the 
sample was eliminated (1, 6). 
In 33 infants hematocrit values were 


determined concurrently with collection of 
the sample for determination 
(centrifugation for 5 minutes at 10,000r.p.m.). 


fibrinogen 


Results 


A. Healthy full-term infants examined 
within two hours of birth 


Individual observations ranged from 
175 to 285 mg/100 ml, giving a mean 


standard deviation +37.3, number of cases 
14.) No difference was found between 
boys and girls. 

One infant, who was excluded from th 
normal material because of mongolism 
had the lowest fibrinogen concentration 
in plasma of any infant studied, i.e.. 12 
mg/100 ml. 


B. Healthy full-term infants examined 
during third to sixth day of life 
The mean was 322, lowest 240 and high: 
est 380 mg/100 ml. (Standard error :1.2 
standard deviation 51.9, number of case: 
6.) 


C. Erythroblastotic infants 


These 
groups in Table I according to the severity 
of the condition. Group 1 comprises the 
mildest cases whose Coombs test wa: 
directly positive but who did not requir ° a! 
exchange transfusion. The 
Group 2 received one exchange trar sfu- 


infants are classified in fou 
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Fibrinogen concentration in plasma of infants with hyperbilirubinemia without 


blood-group incompatibility. 


Case Non-conjugated bilirubin, Fibrinogen 

no. mg/100 ml mg/100 ml 
] 24.0 195 
2 Ma 200 
3 21.9 225 
4 20.2 270 
5 20.8 285 
6 24.3 290 
7 23.1 350 
8 19.5 415 
9 21.3 445 

Case 1-9 

No. of cases Range Mean SE SD 

9 195-445 297 30.0 89.8 
Discussion 


sion, in Group 3 two, and in Group 4 at 
Jeast three. The most seriously affected 
children are thus those in Groups 3 and 4. 
The table also shows the fibrinogen con- 
centration at the time of the first trans- 
fusion. The individual values ranged from 
190 to 350 mg/100 ml with mean 271. 
(Standard error 14.7, standard deviation 
46.3, number of cases 10.) 


D. Hyperbilirubinemic infants without 
blood-group incompatibility 

The severity in terms of the non-conju- 
gated serum bilirubin concentration at the 
time of the first exchange transfusion, 
which immediately followed the drawing 
of the sample for fibrinogen study, is 
shown in Table 2. The fibrinogen concen- 
trations ranged from 195 to 445 mg/100 
ml, mean 297. (Standard error 30.0, stand- 
ard © eviation 89.8, number of cases 9.) 

In 33 cases the plasma fibrinogen con- 


s}centr tion was correlated to the hemato- 


crit \ ilue at the time of drawing the sam- 


i} ple. v ithout regard to the above classifica- 


tion Table 3). 


The results show that the concentration 
of fibrinogen in plasma was not lower in 
erythroblastotic than in healthy full- 
term infants. Indeed, the most severely 
affected infants proved to have fairly 
high fibrinogen levels. 

Statistical analysis revealed that there 
was no correlation between hematocrit 
value and fibrinogen concentration as 
shown in Table 3. Thus a low hematocrit 
value in conjunction with erythroblastosis 
did not affect the fibrinogen concentration. 

Samples for fibrinogen determination 
were drawn within two hours of birth. No 
account has been taken in this study of 
the possibility that the fibrinogenolytic ac- 
tivity in erythroblastic infants might be- 
come elevated after birth. Hemorrhagic 
tendencies were not observed clinically in 
any case. 

Proceeding from Taylor’s 
that the plasma fibrinogen may be an in- 
dex of the liver function at birth, we deter- 
mined the concentration of fibrinogen in 
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TABLE 3. Relationship between haematocrit value and plasma fibrinogen concenty tio, 


LARS ENGSTROM AND LARS KAGER 


Case Hematocrit, Fibrinogen, Case Hematocrit, Fibri 1oger 
no. % mg/100 ml no. % mg/i00n 
] 32 300 18 55 195 
2 35 350 19 56 235 
3 35 310 20 56 240 
4 35 290 21 56 325 
5 43 285 22 57 200 
6 43 380 23 57 270 
7 46 240 24 57 270 
8 46 445 25 58 190 
9 46 290 26 59 290 
10 47 240 27 59 415 
1] 49 210 28 59 250 
12 50 325 29 60 175 
13 50 350 30 60 370 
14 52 230 31 61 180 
15 54 215 32 62 275 
16 55 230 33 70 120 

17 dd 240 


the plasma of a group of infants with 
neonatal hyperbilirubinemia without blood- 
group incompatibility. The indication for 
exchange transfusion was here an eleva- 
ted, non-conjugated 
serum (Table 2), 
inadequate hepatic capacity. Since the 


bilirubin level in 


i.e. an expression of 


transfusions and determinations of fibrin- 
ogen concentration were not done in 
these infants until the third to sixth day 
of life, the fibrinogen concentration was 
also studied in a group of infants of the 
same age but without icterus. No change 
was observed in plasma fibrinogen as a 
result of elevated, non-conjugated serum 
bilirubin. Nor was there any correlation 
between fibrinogen concentration and the 
quantity of non-conjugated bilirubin. 

Apart from the fibrinogen value of the 
mongoloid infant, all fibrinogen levels fell 
within the limits found by Taylor for 
healthy children during the first week of 
life. 

Our results, therefore, do not support 


Rice’s hypothesis that Rh-immunization 
is accompanied by a low concentration ¢ 
fibrinogen in the plasma of the affecte: 
infant—nor that the fibrinogen concentra. 
tion changes as a result of hyperbiliruhine. 
mia not caused by blood-group incom pati 
bility. This does not exclude the possi 
bility, of course, that severe cases of eryth: 
roblastosis or hyperbilirubinemia may b: 
complicated by afibrinogenemia due. fo 
example, to intravasal clotting or fibrino 
genolysis without direct association wit) 
the basic disease. In erythroblastosis an/ 
hyperbilirubinemia in general, 
the fibrinogen concentration in plasma 
not a test of functional value, though thi 
does not preclude the necessity of :om- 
plete investigation of coagulation, in:lud: 
ing determination of fibrinogen conce:itra- 
tion in the plasma, in all cases of clini :all; 
observed hemorrhagic diathesis in inf nts 
But, as already stated, we had no ca e ¢ 
hemorrhagic diathesis in our materia 
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CONCENTRATION OF FIBRINOGEN IN PLASMA 


Summary 


The concentration of fibrinogen in the 
plasma of 39 infants during the neonatal 
perio! was determined by Morrison’s 
syneresis method as modified by Blom- 
hick. The samples were drawn from the 
umbilical vein by catheterization. The 
results, expressed in mean and standard 


error of the mean, were as follows: 


A. Healthy full-term infants at birth: 
225+10.0 mg/100 ml. 
B. Healthy full-term infants during 
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third to sixth day of life: 322+21.2 
mg/100 ml. 

C. Erythroblastotic infants at birth: 
271+14.7 mg/100 ml. 

. Hyperbilirubinemic infants without 
blood-group incompatibility during 
third to sixth day of life: 297+30.0 
mg/100 ml. 


No statistically significant difference 
was found between healthy and erythro- 
blastotic or hyperbilirubinemic infants as 
regards concentration of fibrinogen in the 
plasma. 
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Arteriographic Studies in Children with Cerebral Palsy 


by S. BRANDT, S. BRUNNER and V. WESTERGAARD-NIELSEN 


Cerebral angiography is being used to 
an increasing extent in neurologic disease 
because it affords such an excellent supple- 
ment to other diagnostic methods. Until 
the percutaneous method of injecting the 
contrast material was described about 15 
years ago, there was marked reluctance to 
subject children to angiography. For this 
reason pneumoencephalography has been 
preferred where information on cerebral 
pathology was wanted in children. Re- 
cently two papers on encephalographic 
findings in spastic children have been 
published (3, 9). On the other hand, 
angiographic studies on children with 
cerebral palsy or studies correlating angio- 
graphic with encephalographic findings 
have not been reported although some 
recent authors have reported in general on 
carotid angiography in children (6, 7, 10, 
11). We have, therefore, collected a series 
of 24 patients from the Cerebral Palsy 
Clinic at the Orthopaedic Hospital in 
Copenhagen, in whom arteriographic and 
encephalographic studies had been _per- 
formed in some of the radiological and 
neurosurgical departments in Copenhagen 
and at the Radiological Department of the 
Copenhagen County Hospital in Gentofte, 
usually prior to the time of examination 
at the Cerebral Palsy Clinic. 


Because of the widely different patho. 
logy it was anticipated that the angiv. 
grams would not show specific change: 
indeed the findings were protean. Never. 
theless we felt that it might be of interes 
to compare the angiograms with enc 
phalograms obtained at approximately th: 
same time. 


Material 


The angiograms were mainly obtaine 
from children with cerebral palsy of post 
natal origin because patients of this cat 
gory are more likely to be examined in neur 
surgery departments where angiography 
a rather routine diagnostic procedure. In 
series of 628 children with cerebral pals 
examined at the Cerebral Palsy Clinics a 
the Orthopaedic Hospitals in Copenhage 
and Aarhus, Brandt & Westergaard-Nivclse! 
(1) found 13% postnatal cases, where:s 1! 
the present series 14 of 24 children i.e. a littl 
Six 


congenital (i.e. presumably prenatal). an 


over one-half, were postnatal. wert 
only four perinatal in onset. The distrib itio! 
of patients on the basis of the nature ani 
extent of the disturbance of coordinati 
shown in Table 1. The series comprises igh! 
girls and 16 boys who ranged in age rom 
6 months to 15 years at the time of the a igi 
graphic examination. Only four were 1 nd 


2 years of age. 
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ARTERIOGRAPHIC STUDIES IN CEREBRAL PALSY 


TAsLE |. Symptomatic classification. 
Spastics ( pyramidal) 19 
Left-sided 9 
Right sided 5 
Predominantly left-sided 4 
Predominantly right-sided 0 
No difference between right and left 1 
Athetotics (= extrapyramidal) 2 
Mixed type 3 

Total 24 

Technique 


The 24 patients underwent a total of 40 
carotid angiographies, 29 right-sided and 
ll left-sided. All the examinations were 
performed by the percutaneous technique 
under general anaesthesia. 

Encephalography had been performed by 
the suboecipital or lumbar route or as 
ventriculography a total of 39 times. Two 
patients did not have encephalography. As 
isapparent from the figures, these procedures 
were repeated in a majority of the patients. 
Right had two angiographies, five had three, 
and two had four angiographic examinations. 


Results 


(a) Patients with ventricular dilatation 


In 18 of the 24 children, 
phalography revealed enlargement of the 
ventricular system. It was symmetrical in 
seven, whereas in seven there was right- 
side’, and in four left-sided dilatation only. 
These 18 children had a total of 25 right- 


out ence- 


sidei and five left-sided angiographic 
exarinations. The uneven distribution of 
righ'- and left-sided procedures is in 
ace rdance with the fact that in children 
wit! cerebral palsy there is a preponder- 
anc of postnatal, left-sided, spastic hemi- 


pley'a (1). The arteriographic findings in 
the: > patients are summarized in Table 2. 
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TABLE 2. Arteriographic findings in pa- 
tients with ventricular dilatation. 


Elevation, distension, and possibly shift 
of the anterior cerebral artery 8 

Vascular malformation 

Thrombosis in the anterior cerebral artery 

Agenesis of the corpus callosum 

Normal 


St bo 


From the table it may be seen that of 
18 patients with ventricular dilatation, 
pathologic arteriographic findings were 
found in 13, a relatively high proportion, 
possibly because of the somewhat stricter 
indications for arteriography in children. 

In one of the cases in the first group 
(elevation, distension, and possibly shift 
of the anterior cerebral artery), it had 
been suggested in the report of the ar- 
arteriograms—supported by X-ray skele- 
tal changes—that there might be an 
expansive lesion. This was later proved. 
Another case in the same group came to 
autopsy 15 months after the last radio- 
logical examination; an angioma racemo- 
sum arterio-venosum was found in the 
right temporal lobe and a haematoma in 
the corpus striatum on the right with 
bleeding into the right lateral ventricle. 
Furthermore, there was hydrocephalus 
(the case has been reported by Christen- 
sen & Brandt (2)). Even with the knowl- 
edge of the post mortem findings, the 
lesion could not be demonstrated 
review of the right-sided angiograms; 
however, the afferent vessels, especially 
the middle cerebral artery, were rather 
prominent for a l-year-old baby, and the 
efferent vessels were extremely well 
developed. This finding demonstrates how 
difficult it may be to visualize angioma 
racemosum on the angiograms obtained 


in a 


us 
littl 
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by the usual three-film technique owing 
to the great speed at which the blood 
runs through the numerous arterio-venous 
shunts (5, 8). The chances of ‘‘catching” 
an angioma racemosum are considerably 
greater when using rapid serial angio- 
graphy (4). 


(b) Patients without ventricular dilatation 


Four out of the 24 children showed no 
signs of ventricular enlargement or other 
encephalographic abnormalities. In three 
of these cases the angiograms were nor- 
mal, while one showed periarterial flow of 
contrast with non-filling of the anterior 
cerebral artery. 


(c) Non-encephalographed patients 


As already mentioned two children did 
not have encephalography. These two 
angiographies also showed the combina- 
tion of periarterial flow of contrast with 
non-filling of the anterior cerebral artery. 


(d) Patients with clinical hemiplegia 


All the children with left-sided spastic 
hemiplegia belonged to the group with 
bilateral or right-sided dilatation of the 
ventricular system. In addition. one child 
of this category did not have encephalo- 
graphy. The ateriographic findings in this 
group of left-sided spastic hemiplegia are 
summarized in Table 3. 

Two characteristic cases illustrate the 
findings in this group: 


The first patient was a boy, aged 21 
months, who had been delivered by caesarean 
section. From the age of 3 months he began 
to have clonic twitching in the left arm, 
and spastic left-sided hemiplegia was noted. 
His general development was retarded. At 
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TABLE 3. Arteriographic findings ii ya. 
tients with clinical, left-sided hemipl: gia. 


Distension and elevation of the right-side 
anterior cerebral artery 

Aneurysm of the right internal carotid 

Shift of the right anterior cerebral artery 
to the right 

Thrombosis in the right internal carotid 

Normal 


the age of 4 months, he had subdural pune. 
ture, evacuating a hygroma. Ventriculo- 
graphy (Fig. 1) showed ample surface air 
on the left, no surface air on the right, a 
slight shift of the ventricular system to the 
right, and dilatation mainly on the right. 
Angiography et the age of 21 months re- 
vealed displacement of the anterior cerebral 
artery to the right. Both anterior cerebral 
arteries filled. By compression, filling was 
also obtained of the left middle cerebral 
artery. The peripheral vessels in the area 
supplied by the right medial cerebral artery 
did not extend quite to the tabula interna. 
In view of the displacement to the right of 
the anterior cerebral artery these findings 
suggest cortical atrophy and rather exclude 
a recurrence of the hygroma. 

An ll-year-old boy had been in good 
health until the age of 9, when he sustained 
two cranial injuries in rapid succession. He 
then developed left-sided spastic hemiparesis. 
Right-sided carotid angiography revealed a 
saccular aneurysm at the bifureation of the 
internal carotid artery. Craniotomy was 
performed, excising the aneurysm 
clamping the anterior cerebral artery 
clips (Fig. 2). 


and 
vith 


TABLE 4. Arteriographic findings 1) pa- 


tients with clinical, right-sided hemip! sia. 


Suspicion of astrocytoma in the left 
temporal lobe 
Shift of the anterior cerebral artery to the 
contralateral side I 
Normal 3 
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Fig. . (a) Lateral ventriculogram and (b) antero-posterior ventriculogram of a 21-month-old boy 

with » left-sided hemiplegia, showing a dilated ventricular system, especially on the right side. 

Ther: is a small displacement towards the right and abundant surface air over the left hemisphere 

nor= over the right. (c) and (d) Right carotid arteriogram showing a displacement of the 

ante: or cerebral artery towards the right. The middle cerebral vessels do not reach the inner 

surfa > of the skull on the right side. Both anterior cerebral arteries are filled, distended and 
elevated, indicating cortical atrophy. 
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Fig. 2. (a) and (6) Right carotid arteriography on an 11-year-old boy with a left-sided hemip 

shows a sacculate aneurysm at the internal carotid artery’s site of division. (c) Shows the 

case immediately following operation with attached Cushing’s clips. There is no filling of an 
cerebral artery. 


The relation between right-sided spastic 
hemiplegia and the arteriographic findings 
may be seen in Table 4. All three children 
with normal arteriographic findings also 
had normal encephalograms. The following 


report describes the findings in one 0 
two patients with an abnormal angiog 

A 12-year-old boy had severe cl 
signs consisting of right-sided spastic p: 
with hyperkinesia of the limbs from th¢ 
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Fig. 3. (a) and (6b) Right carotid arteriography on a 12-year-old boy with a right-sided spastic 

hemiplegia, performed one day after a lumbar encephalography, shows the anterior cerebral artery 

well developed and passing steeply up between the lateral ventricles supplying both hemi- 

sphe es. The preceding encephalography had shown dilatation of both lateral ventricles, primarily 

of te right, together with agenesia of the corpus callosum. (c) and (d) Left carotid arteriography 
shows no filling of the left anterior cerebral artery. 
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year of life. From the age of 9, focal seizures 
at times with loss of consciousness. Lumbar 
encephalography showed enlargement of the 
lateral ventricles, more marked on the left. 
The third ventricle showed changes typical 
of agenesis of the corpus callosum. Bilateral 
carotid arteriography disclosed a_ steep 
course of the anterior cerebral artery on the 
right. On the lateral view it was superimposed 
upon the lateral ventricles. On the antero- 
posterior views there was a compensatory 
development of the right anterior cerebral 
artery, as the left one has probably never 
developed (Fig. 3). 


(e) Patients with spastic tetraplegia 


Another characteristic group among 
spastic children is tetraplegia. The present 
series included three children with spastic 
tetraplegia, one with spastic tetraplegia 
combined with choreo-ataxia and one 


combined with athetosis. 


A 5-year-old boy was found to have epi- 
dural haematoma extending over a large 
part of the right hemisphere. He came to 
operation without preceding arteriography, 
since there was a vital indication for im- 
mediate neurosurgery. His acute condition 
improved immediately after the operation, 
but spastic tetraplegia persisted, and the 
boy showed slight mental impairment. After 
a repeated, less severe cranial injury carotid 
angiography was performed 3 months after 
the operation. This was normal, indicating 
that the tetraplegia could not be due to a 
recurrence of a localized haematoma. 

A 9-year-old boy had previously shown 
normal development. He was admitted to a 
department of neurosurgery after having 
been run over by a car, in a state of profound 
unconsciousness, with brain-stem seizures 
and spastic tetraplegia. He recovered only 
slowly. and after bilateral arteriography, 
supplemented by lumbar encephalography, 
he was transferred to a department of 
general surgery because of a complicating 
fracture of the leg. The radiological investi- 


S. BRANDT, S. BRUNNER AND V. WESTERGAARD-NIELSEN 


gation had shown only slight enlargeme. t of 
the ventricular system and no app: vent 
extracerebral haematoma. From the sur ‘ical 
department the patient was transferre | to 
a training department, but as he exhi' ited 
increasing lack of concentration, impair: nent 
of memory, and unrest, he was referred to a 
paediatric department and right-sided cavotid 
arteriography was repeated 8 months :ifter 
the injury. The films now showed a subcural 
haematoma over the right hemisphere with 
additional suspicion of intracerebral hae:nor- 
rhage (Fig. 4). Although not all the bilaieral 
clinical manifestations could be accounted 
for by this haemorrhage, the repeated ar- 
teriography had at least detected a secondary 
pathology which could now be removed. 


The arteriograms have given only a 
partial explanation of the tetraplegic 
symptom complex, but in one case they 
demonstrated and localized alarming hae- 
morrhage and in another case afforded gui- 
dance for neurosurgery. 


Summary and Conclusion 


Our study of arteriograms and pneumo- 
encephalograms from 24 children with 
cerebral palsy leads us to conclude that 
arteriography—however useful it may be 
in the acute and subacute stage of the 
disorder—offers very little more informa- 
tion than pneumoencephalography in the 
stationary stage of the disease. Ventricular 
dilatation may be suspected from the 
course of the arterial trunks and a shift 
may indicate atrophy of the invo'ved 
hemisphere. Occasionally, however, i .di- 
cation of a vascular abnormality ma) be 
found, which would be undiagnosed by 
pneumoencephalography. 

From some of our observations we are 
tempted to recommend that arteriogra shy 
should be preferred to pneumoenceph ilo- 
graphy in patients with cerebral pals in 
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iidi-} Fig. ‘. Right carotid arteriography on a 9-year-old boy with spastic tetraplegia, which he developed 
8mcnths after a skull trauma, shows a large subdural haematoma over the right hemisphere 
toge ser with a pronounced displacement of the right anterior cerebral artery towards the left. 
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(1) -ases of hemiplegia, especially with may be of rather recent date, perhaps not 
p are} rect rent acute symptoms and exacerba- yet completely restored from their acute 
a hy} tion , (2) cases complicated by focal disease and in whom suspicion of over- 
h ilo-| epil ptic manifestations and (3) in persons looked pathology or complicating bleeding 
; in} in \ hom the symptoms of cerebral palsy _ exists. 
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From the Pediatric Clinic (Head: Professor A. Lambrechts), University of Liége, Belgium 


Respiratory Studies in Children 


III. Variability of the Lung Volumes in Healthy Children 


by F. GEUBELLE and P. DE RUDDER 


In a previous paper (3), the variability 
of the functional residual capacity (Vrrc), 
one of the components of the lung volume, 
has been described and discussed. 

The purposes of this work are to define 
the variability of the values of the other 
lung volumes in healthy children and to 
compare the variability with similar vol- 
umes in adults, since in many pulmonary 
diseases determination of the lung volumes 
is used not only for the diagnosis but also 


Fic.1. LUNG'S VOLUMES 
\y :tidal volume 
Vep:exe ratory reserve volume 
Vp : residual volume 
Vic inspiratory capacity 
Vene :functionnal residual capacity | 
We : vital capacity 


: total lung capacity 


rest expiratory levdl 


for longitudinal survey and to estimate 
efficiency of therapeutic procedures (6). 
It therefore seems useful to know exactly 
the limits of the day-to-day physiological 
variation before drawing conclusions. 


Definitions and Nomenclature 


The nomenclature is that proposed by a 
committee of respiratory clinical physiolo- 
gists headed by Pappenheimer (5) (Fig. 1). 

1. The vital capacity (Vyc) was measured 


Fig. 1. 


We 
| Vere 
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TABLE 1. Lung volumes in healthy adults. Time interval between the first (I) an | th 


second (II) assay: 4 days; between the second and the third (III): 6 days. See Fig. 


i for 


symbols, All the volumes are ml BT'PS. 


Standing 

Subject height, I II III I II II] 

no. em Vere Vic 
l 182 2387 3173 2831 5214 5005 5024 
2 162 1840 2056 2159 3318 3160 3199 
3 183 2884 3157 3110 4630 4390 3815 
4 165 2120 1769 1714 3081 3081 2923 
5 159 1659 1547 1970 3121 3279 323% 
6 158 1931 1714 1900 2607 2765 2647 
7 174 3150 2925 2779 3800 3753 406% 
8 158 2318 2373 2376 2489 2528 2686 
9 160 1762 1444 1702 2607 2489 2528 
10 176 3624 3483 3069 3950 4108 3950) 

Vvye Ver 
1 6360 6201 6412 1146 1196 1383 
2 4268 4110 4304 950 950 1105 
3 6129 6010 5355 1499 1620 1541 
4 4187 3990 3832 1106 909 909 
5 3832 3793 3990 744 514 75] 
6 3516 3555 3694 909 790 1047 
| 5400 5412 5531 1600 1659 1462 
8 3832 3832 3832 1343 1304 1146 
9 3437 3279 3397 830 790 864 
10 6083 6281 6123 2133 2173 2173 

VR 
124] 1977 1448 7601 7178 S06 
2 890 1106 1054 5158 5216 5358 
3 1385 1537 1570 7514 7547 692) 
4 1014 860 805 5201 4850 4637 
5 948 1033 1219 4780 4826 520! 
6 1022 924 853 4538 4479 454i 
“| 1550 1266 1317 6950 6678 584) 
8 975 1069 1230 4807 4901 062 
9 932 654 833 4369 3933 $231 
10 1491 1310 1196 6574 7591 6014 
as the sum of the greatest inspiratory capa- equally difficult to get three similar c:nse- 
city (Vjc) and the greatest expiratory reserve cutive records. The latter is a requireme :1t 0! 
many authors who have studied a‘ults 


volume (VgR),. chosen from three attempts at 
maximum inspiration followed by a maxi- 
mum expiration. 

In a previous paper (4), 64 records of vital 
capacity collected in 28 healthy and diseased 
children were critically analysed. The con- 
clusions were that it is practically impossible 
to systematically obtain the Vyc beginning 
with a deep expiration, and furthermore it is 


(1, 5). As a result of this analysis, V -¢ 
children is calculated by adding the la gest 
Vic and the largest chosen anywhe on 
the spirogram. 

2. The functional residual capacity (* rpc 
represents the volume of air which is I« ‘t i! 
the lung after a normal expiration di ring 
quiet breathing. 
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xl th€Tascs 2. Lung volumes in healthy girls. Four-hour interval between the two italicized 
. f for results. Between these and the third: four-day interval. 
Standing 
Subject height, I II III I II III 
ae | 147 1249 1123 1320 2014 2053 2170 
5024 2 150 1115 1031 1252 1817 2113 1915 
si9h 3 155 1788 1881 1642 2133 2054 2090 
33i;8 4 104 650 630 674 672 632 849 
99934 5 145 1609 1446 1665 2291 2409 1935 
303i) 6 16 1747 1900 2015 2547 2706 2960 
2647 if 153 2093 2098 2417 2271 1738 1817 
ao 8 155 1156 1320 1287 2193 2024 2212 
26 9 160 2323 2167 2180 2804 3160 2955 
d5axf 10 158 1389 1249 1327 2375 2212 2820 
3950 II 129 714 770 736 1280 1340 1323 
Vye Ver 
iss3h | 2646 2607 2585 632 554 415 
1105 2 2686 2666 2410 869 553 495 
iat 3 3239 2844 2880 1105 790 790 
909 4 864 968 1007 192 336 158 
on 3338 3456 3195 1047 1047 1260 
roast 8 3990 3674 3712 1443 968 752 
46h 7 3377 2844 3121 1106 1106 1304 
iach 8 3042 3002 3002 849 978 790 
gguf 9 3910 4226 4097 1106 1066 1142 
aizyp 10 3436 3041 3374 1061 829 554 
1] 1712 1700 1738 440 360 415 
Vr 
S06 
sa 617 569 905 3263 3176 3490 
wet 3 683 1091 852 3922 3935 3732 
or 458 294 516 1322 1262 1523 
er 562 399 405 3900 3855 3600 
Pon en 304 932 1263 4294 4606 4975 
eh 7 987 992 1113 4364 4836 4234 
i308 307 342 497 3349 3344 3499 
St) 1217 1101 1038 5127 5327 5135 
too 328 420 773 3764 3461 4147 
1] 274 410 321 1994 2110 2059 
nse- 
it of 3. The residual volume (VR) is calculated with a fan-type pump. The system is similar 
ults} as the difference between Vprco and Vgg. to that of Engstrém et al. (2); the differences 
cll 4. The total lung capacity (Vic) is the between the two have been described in a 
gest} Sum of Vp and Vyc. previous paper (3). 
e on 2. A closed circuit with helium as the test 
Methods gas was used for the determination of the 
FRC functional residual cpacity (Vppc) (3). 
t in 1. With the nose closed by a nose-clip, the 3. All the values were corrected to body 
ring} Subj. t breathes through a mouthpiece into temperature, ambient barometric pressure, 
asp ographie system, without valves, but satured with water vapor (BTPS). 
38~ 1173116 Acta Paediatrica Vol. 50 
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TaBLeE 3. Lung volumes in healthy boys. Four-day interval between the first (I) aid th 
second (II) assay. Six-day interval between the second and the third (III). 


Standing 

Subject height, I II Ill I Il II 

no. em Vere Vic 
] 150 1549 1650 1545 2173 2445 2232 
4 125 861 863 874 1560 1620 154) 
3 140 1223 1626 1210 1580 1343 148) 
4 143 1177 1155 1118 1716 1857 2015 
a) 149 1556 1482 1537 2205 2105 175i 
6 171 2470 2430 2494 3279 3418 3521 
| 159 2310 2432 2380 2054 2250 2054 
8 131 1137 1052 1016 1224 1305 138! 
9 142 1248 1259 1251 2050 1890 2014 
10 140 930 884 926 1797 1956 189% 
1] 137 1163 1258 1086 2032 1953 225] 
12 136 1049 1040 1038 1797 1910 2073 

Vve Ver 
l 3156 3195 3141 98% 750 80!) 
2 1916 1955 1976 356 335 43) 
3 2252 2094 1955 672 751 47) 
4 2726 2607 2469 1010 750 454 
5 3035 2937 2666 830 832 90! 
6 4622 4700 4995 1343 1282 1475 
7 3360 3080 3042 1306 830 985 
8 1935 1817 1695 711 512 3] 
9 2622 2404 2606 572 514 
10 2469 2489 2331 672 533 43 
1] 3002 2804 3121 970 851 Sil 
12 2627 2464 2528 830 554 45) 

VR 
] 566 900 736 3722 4095 3877 
2 505 528 439 2421 2483 241) 
3 551 375 735 2803 2469 269) 
4 167 405 664 2893 3012 3133 
5 726 650 628 3761 3587 3294 
6 1127 1148 1019 5749 5848 6014 
7 1004 602 1392 4364 3682 4434 
8 426 540 701 2361 2357 2396 
9 676 745 659 3298 3149 3265 
10 258 351 491 2727 2840 2822 
1] 193 407 216 3195 3211 3337 
12 219 486 583 2846 2950 3111 
Motestal to several days. The Vprc of each assay e: uals 

the mean of duplicate determinations. 

1. Sixty-nine determinations were ob- 2. Thirty determinations were obtain: (1 01 
tained while in the sitting position on 23appa- 10 apparently healthy young adults stu: 


rently healthy children, ranging in age from _ dents, nurses, etc.) with the same proce lur 
6 to 15 years. Three assays were made on as on children for comparison of the ‘‘ph ‘sic: 


each patient with an interval of some hours _ logical variation”’. 
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TabL» 4. Mean values of the lung volumes in healthy adults, boys and girls. For details: 
we Tables 1 to 3. The values are: mean value (M), standard error (E) and standard 
deviation (S.D.). 


and discussed in a previous paper (3). 
The error of the method (standard devia- 
tion of the differences between duplicate 
the 
root of two) expressed in per cent of the 


determinations, divided by square 
corresponding Vppc is 2.5% for adults and 
boys and 3.0% for girls. 

There was no statistical difference in the 
mean values of Vprc in each of the three 
assays for each subject. Since no differen- 
ces in mean values were found, the physio- 
logicn| variation! may be calculated. 

Taing only the assays performed at 
four-iay intervals, the physiological varia- 


tion is 180 ml for the adults, 52 ml for the 
boys and 84 ml for the girls. 
W' en expressed in per cent of the mean 
''S andard deviation of the individual differ- 
rence. 6, =| S 2/(n — 1). Physiological va- 
ratio 


2. 


Adults Boys Girls 
(10 cases) (12 cases) (11 cases) 
M. E. S.D. M. E. 8.D. M. E 8.D. 
Vyo | 4704 +368 1162 2810 t 211 730 2931 +281 932 
i] 4646 + 376 1188 2712 + 219 760 2820 + 269 891 
III 4647 + 305 966 2710 247 857 2829 + 264 867 
Vic | 3482 911 1956 + 146 507 2056 +181 600 
II 3456 838 2004 +158 547 2040 201 666 
Hl 3408 796 2018 + 160 55% 2095 +198 657 
Von 1223 431 855 + 83 288 895 +107 355 
II 1190 453 708 t+ 70 244 780 + 86 285 
i] 1238 418 684 r 98 335 734 +113 374 
OS! 1145 250 544 100 317 535 90 312 
I] 1174 ume I 376 639 97 320 595 69 238 
III 1123 a 275 767 92 305 687 85 294 
Voc | 5749 + 402 1270 3345 mn 7! | 959 3476 +328 1088 
II 5719 + 436 1378 3307 +276 956 3551 + 458 1519 
iT] 5689 + 393 1241] 3399 290 1006 3604 + 328 1089 
Results of the first Vppc in each group this varia- 
The values for Vppo have been presented tion is 7.5, 3.7 and 5.8 Yor ——- 
The values for Vy~_ are given in Table 4. 


The individual differences — Vy-II) 
and mean differ- 
ences were calculated. The first minus the 


and 


second Vy, for both boys and girls at 
four-day intervals is probably significant. 
No other statistical differences were found. 

The values of physiological variation, 
excluding the two groups where statistical 
differences in means exist, are shown in 
Table 5. 


TABLE 5. Physiological variations of the vi- 
tal capacity in healthy adults, boys and girls. 


Girls 
(7 cases) 


Adults 
(10 cases) 


Boys 


Time interval (12 cases) 


4 hours - -- 93 ml 
4 days 87 ml 93 ml 
6 days 190 ml 133 ml a 
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TABLE 6. Percentage day-to-day physiological variation of Vyc (see text). 
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Time 


Vyc mean 


Variation Variation 


interval ml in ml in % 
Adults 4 days 4704 87 1.85 
Adults 6 days 4704 190 4.03 
Boys 6 days 2iiz 133 4.9 
Girls 4 days 2820 93 3.3 


The physiological variation expressed 
in per cent of the first mean value of Vy> 
for adults and of the second mean value 
of V\_ for boys and girls (because the first 
mean value is significantly higher than 
the second and the third ones) is shown in 
Table 6. 

The values for Vy, are shown in Table 4. 
Neither the mean values for the first, the 
second and the third assay nor the indi- 
—V,-II and V,,II 
~V,-II1) were statistically significant. 


vidual differences (Vi. 


The time interval between the assays 
varied from 4 hours to 6 days (Tables 1 to 
3). The physiological variation during four 
days was 109 ml for adults, 110 ml for 
boys and 179 ml for girls; expressed in per 
cent of the mean first V,, assay in each 
group, this is 3.1, 5.6 and 8.8.% respec- 


The values of the first assay in the boys 
and in the girls are perhaps significanth 
higher than the values of the second and 
the third assay. One of these difference: 
(mean differences tested against zero) is 
significant: the first Vz is larger than th 
second Vz, at a four-day interval in boys 
(P =0.007). 

The physiological variation for each 
group (excluding groups with six cases o1 
less) is shown in Table 7 and in per cent 
of the first mean value of Vzz for the adult: 
and the girls, and of the second mean 
value of Vzp for the boys in Table 8. 


TABLE 7. Physiological variation of the ex. 
piratory volume in healthy adults. 
boys and girls. 


tively Adults Girls Boys 
’ Time interval (10 cases) (7 cases) (12 cases 
Thus the physiological variation for the ia 
three groups is about 6% (3 to 9%). phen — 112 ml 
The mean values (Table 4) for the 4 77 106 ml 
6 days 114m — 17 ml! 
three assays do not differ in the adults. or ee 
TABLE 8. Physiological variations for Vzp expressed in per cent. 
Time Variation Vip Mean Variation 
interval in ml ml in % 
Adults 4 days 77 1223 6.3 
Adults 6 days 114 1223 9.3 
Boys 6 days 117 708 16.5 
Girls 4 days 106 895 11.8 
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TaBLE 9. Day-to-day physiological variations of the lung volumes in healthy adults. boys 
and girls expressed in percent of the corresponding first assay. 


Vere Ic Ver VR Vere 
Adults 7.5 1.9 a 6.3 19 5.2 
Boys » 4.9 5.6 16.5 27 5.7 
Girls 5.8 3.3 8.8 11.8 22 4.5 


The physiological variation is from 6 to 
17%. 

The mean Vx values (Table 4) for each 
group did not differ significantly. Taking 
only the assays with four-day intervals, 
the physiological variation was 216 ml 
for the adults, 145 ml for the boys and 
120 ml for the girls; expressed in percent 
of the first Vz values the variation is 19, 27 
and 22 % respectively. 

The Vazc values (Table 4) also did not 
differ significantly. The physiological va- 
tiation during four days is 229 ml for the 
adults, 191 ml for the boys and 155 ml for 
the girls. 

This percentage is 5.2, 5.7 and 4.5% 
respectively. 


Discussion 


Analysis of the individual differences 
and the mean differences reveals the first 
assay of Vyo is significantly higher than 
the second for both girls and boys, and 
the first assay of is significantly 
higher than the second for the boys. One 
coul’ expect the reverse results if there 
were any influence of training on the val- 
ues. t seemed to the observers that the chil- 
dren were not ‘‘more trained” but ‘less 
enth :siastice’’ after the first assay. 

T) + determination of Vyc, Vic and 
(and the subsequent calculation of Vz and 


Vere depends upon the cooperation of 


the subject. In contrast, determination of 
Vrrc does not demand any effort from the 
child. The largest differences observed 
were for and VR minus Vg). 
The latter difference is primarily due to 
large variations of Vgg (Table 9). 

The physiological variation of the total 
lung capacity (Vric) is about 5%. It de- 
pends on the variation of both V,, and 
(Vere + Vic=Vric)- To appreciate 
the magnitude of the variation of Voc, 
one has to remember that the error of the 
method for the determination of Vyppc 
is 2.5% for adults and boys, 3 % for girls, 
and that the value for V,, requires the 
cooperation of the subject. 

Significant differences in the physiologi- 
cal variation of certain of the lung vol- 
umes between children and adults were 
demonstrated for Vyc, Vic and Vp. 

The day-to-day variation in those vol- 
umes which demand the cooperation of the 
subject is lesser for the adults than for the 
children. 

Surprisingly, the variation of Vppc was 
higher in adults than in children. The ex- 
planation is not clear and further study is 
needed. 


Summary 


1. The day-to-day physiological varia- 
tions of the lung volumes were studied in 
healthy boys and girls. The results were 


|_| 
S. 


602 


with the 
healthy adults. 


compared ones 


2. The most striking variation was ob- 
served for the values of expiratory reserve 


obtained in 
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volume which evokes the cooperati:n 
the children and for the values of res dua! 
volume (because its calculation is a ‘unc. 
tion of Vgp). 
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Renal Aspects of Acid-Base Control in the Newly Born 


III. Response to Acidifying Drugs 


by N. HATEMI! and R. A. McCANCE 


The renal functions of adults and of 
newborn infants have been compared in 
various ways and it has been shown that 
in many respects the newborn kidney is 
immature,and McCance & Widdowson (23, 
24, 25) have demonstrated that the sta- 
bility of the ‘milieu interieur’”” may be 
maintained mainly by virtue of the inte- 
gration of food and growth with renal 
function. The réle of adults’ kidneys in the 
control of the hydrogen ion concentration 
in the internal environment has been 
fairly well investigated in normal, experi- 
mental and pathological states (11, 29, 
31, 33, 38, 44), and some account of the 
natural excretion of acids and bases in the 
newhorn period was given by Widdowson 
& McCance (43) and McCance & Wid- 
dowson (26). No acidifying drugs were 
given in the last two investigations. 

Gerdon et al. (12) and Fomon et al. (10) 


gave six and eight infants respectively 
ammonium chloride in divided doses for 
som days and studied the effects. The 
infar is were of different ages, there were 


no « {ult controls, and the results do not 
stric ly apply to the newborn period. 
Rul n et al. (36) made somewhat similar 


1 “ritish Council Scholar. Present address: 
Paec| .trie Clinie of Istanbul University. 


experiments on premature infants 28 


days old. The aim of this present study 
has been to compare the responses of 
adults and newborn infants to the ad- 
ministration of single doses of acidifying 


drugs. 
Material and Methods 


Twenty-four seven day old male babies 
were studied. The first sample of urine passed 
in the morning was discarded in each case 
and the specimens passed for the next four 
hours were collected under toluene. All the 
urine was obtained and preserved as des- 
cribed by McCance & Widdowson (22), ex- 
cept that each specimen was exactly timed 
and saved separately. After this preliminary 
period of 4 hours, four of the babies were 
given 2.8 mEq/kg of NH,Cl (54 mEq/m? of 
body surface) in a single dose and four the 
same amount of CaCl,. The salt was dis- 
solved in breast milk and given at 1 p.m. 
immediately before breast feeding. Blood 
samples were taken by heel prick under 
paraffin oil before and about 4 hours after 
giving the acidifying drug. Urine was col- 
lected for 8 hours, or as near to this time as 
the spontaneous voidings of the infants al- 
lowed. Eight infants were given 7 mEq of P 
per day in divided doses on the 5th, 6th and 
7th days of their lives. It was given as a mix- 
ture of M/7.5 Na,HPO, and M/7.5 KH,PO, 
at pH 7.4. Since the daily intake of P in 
their mothers milk was of the order of 3.5 
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mEq/day, these infants were getting about 
three times their normal intake of P. On the 
7th day urine was collected quantitatively 
for 24 hours and the pH, titratable acidity, 
ammonia and phosphorus were determined 
in it. The results were compared with those 
described by McCance & 
Widdowson (26). Eight further babies were 
given the same phosphate mixture on the 
5th, 6th and 7th day of their lives, but on the 
7th day, instead of collecting a specimen of 
urine covering a period of 24 hours, 2.8 
mEq of NH,Cl/kg were administered after a 
preliminary sample of urine and blood had 
been collected, and the 8 hours experiment 
already described was then carried out in 


collected and 


exactly the same way. 

Eight healthy adults were investigated in 
a comparable manner. After the collection 
of a preliminary, timed, urine sample cover- 
ing a period of 2 hours, blood was taken un- 
der paraffin by vein puncture. Four of the 
1.4 mEq/kg (54 
mEq/m?2 body surface) of NH,Cl and four 
others took the of CaCl, 
diluted in water. It was originally intended 


adults were given about 


same amount 
to give the adults and the infants equal doses 
per kilogram of body weight, but 2.8 mEq 
kg produced nausea and vomiting in the 
adults. The dosage was therefore equalised 
per square metre of body surface. Specimens 
of urine were collected under toluene every 
two hours for eight hours and a second vein 
puncture was performed four hours after 
giving the acidifying drug. Some months 
later the same eight adults were given 48 
mEq of P per day in divided doses at a pH of 
7.4 for 48 hours and on the second day the 
ammonium chloride test was carried out in 
exactly the same way as before. 

Babies seemed to tolerate these doses of 
NH,Cl and CaCl, equally well. Neither 
adults nor newborns suffered any ill effects 
during the experiment. 

The timed specimens of urine passed by 
the babies during the 8 hours after the acidi- 
fying salt had been administered were split 
up and divided according to their volumes 
and times into 4 specimens each representing 
a period of 2 hours. These were separately 
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analysed and so was the timed spec men 
passed before the drug was given. 

The measurement of pH was made 
B.D.H. capillators and the results have 
expressed in terms of H ion concentrati: 
that they could be averaged and tr:ated 
statistically. Titratable acid was determined 
by titrating the urine with 0.1 N or 0.01 NV 
NaOH to pH 7.4 with phenol red as iniica- 
tor. Ammonia was estimated by Conway's 
method (3); chlorides both in sera and urine 
by the method of Schales & Schales (37), 
For phosphorus the method described by 
Hawk, Oser & Summerson (15) was. used. 
Urinary and serum Na and K were ceter. 
mined with an E.E.L. flame photometer, 
after suitable dilutions. Serum bicarbonate 


with 


So 


was determined by Conway’s microdiffusion 
method (3) in No. 2A units using 0.1 ml of 
serum. The figures for phosphate in mEq 
were arrived at by taking the valency for 
phosphate as 1.8. The averages given in the 
tables are all the means of the findings in 8 
subjects, and they are followed by their 
standard deviations. 


The basis of comparison 


All those who have worked on the renal 
function of newborn animals have ha to 
decide upon how their results are to be com- 
pared with those of adults (2, 7, 27, 28). 
Most, but not all (42) of those who have 
worked on human subjects have made their 
comparison per square metre of body surface 
while those who have worked on animals 
have used body weight. McCance & \Vid- 
dowson (21) suggested that for some pur- 
poses body water would be the most correct 
basis to employ. This gives results clos: to 
those for body weight. Since the me: hod 
employed may affect the conclusions t\ be 
drawn it is most important to use the one 
which is likely to give results of most v ilue 
for the purpose in hand. In the presen’ in- 
vestigation the doses were administerec per 
square metre for the reasons already g' ‘en. 
Some of the results are set out in Table ! in 
four ways to show how very different he} 
can be made to appear by varying the | asis 
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TaBLE 1. The renal responses of infants to ammonium chloride compared with those of 
adults in 4 different ways 
Basis of comparison 
kg of basal metabolic as % of potential H ions 
Measurement compared m? body wt rate or of chloride administered 
Excretion of: 
Ammonium salts 18 42 20 21 
Titratable acid 9 2% 11 11 
Total acid 14 35 16 17 
Chioride 30 76 37 39 


NB. 


bo 


The dose in all cases was 54 mEq NH,Cl/m?. 
2. Only the figures for the infants are given in the Table and each has been calculated on the 
assumption that the adult value was 100. 


3. The basal metabolic rates of infants and of adults were taken to be 162 and 1470 keals/h 


respectively-—Smith (40), Suzuki (41). 


of comparison. It is interesting and perhaps 
important to note how closely the results ex- 
pressed per unit of basal metabolism agree 
with the only direct evidence available, 
namely the percentage of the dose excreted. 
Most of the comparisons in this paper have 
been made on a basis of surface area, but 
body weight has also been used to present 
certain aspects. Ultimately it is very much 
to be hoped that standards of normality will 
be available for human infants and children 
of all ages. This will obviate the need for so 
many comparisons with adults in clinical 
work, but it is unlikely that such standards 
of reference will ever be available for all the 
species of experimental animals likely to be 
employed. 


Results 


1. The changes in the serum 
Teble 2 shows the average 
chloride and the total CO, in adults and 
ts before, and 3 to 4 hours after, the 
adm nistration of ammonium chloride. 
The ‘otal CO, was initially a little lower in 
the nfants than in the adults. The effect 
of t'e drug was also somewhat greater in 
infa' ts and it may be assumed that the 
stim ilus to excrete hydrogen ions should 
hav. been at least as great or greater. 


serum 


infa 


2. The correction of the acidosis 

Table 3 shows the effect of giving breast- 
fed human infants 54 mEq of NH,Cl or 
CaCl,/m? as a single dose and Table 4 what 
happened when the same treatment was 
meted out to normal adults. (The dose for 
adults was much smaller than for infants/ 
kg of body weight.) The infants (a) dif- 
fered considerably more among them- 
selves but raised the average H ion con- 
centration ({H~] 10°‘) of their urine less 
rapidly and to a considerably smaller ex- 
tent than adults; (6) had little titratable 
acid in their preliminary urine and only 
doubled it after the acidifying drug, 
whereas the adults had more titratable 
acid initially and increased it by four times 
as the [H+] <10~-’ of the urine rose; (c) 
excreted nearly as much ammonia as the 
adults before the drug was given but in- 
creased the rate of excretion much less 
afterwards. Consequently the overall ex- 
cretion of H ions was less than that of the 
adults in the preliminary specimens of 
urine and the response to the acidifying 
drug much less; (d) had only very small 
amounts of P in the urine at all times; 
(e) excreted the Cl ion less rapidly at all 
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TABLE 2. Effect of giving 54 mEq/m? NH,Cl or CaCl, on the chlorides and total Cv, in 
the plasma of adults and of breast-fed infants 7 days old with and without 


neutral phosphate. 
Chloride mEq/l Total CO,, m 
Subjects Before After Before After 
Adults 106+ 2.0 109+2.3 29+1.6 
Infants on breast milk alone 109+3.2 113+4.1 24-24 19+3.3 
Infants on breast milk plus phosphate 109+3.3 115+2.8 2521.4 2125 


times; (f) excreted less sodium and potas- 
sium per hour than the adults before the 
drug was given and at all times afterwards. 

Since the amount of titratable acid 
which can be excreted in the urine is well 
known to be linked to the amount of buffer 
substances and particularly phosphates 
being excreted simultaneously (20, 42) it 
was thought that the absence of phospha- 
tes from the infants’ urine at all times 
might severely limit their capacity to 
excrete hydrogen ions in the form of 
titratable acid and consequently their 
ability to respond to an acidifying drug. 
Table 5 shows the effect of giving 7 mEq 
of P, 6.2 mEq of Na and 0.8 mEq of K a 
day to breast fed infants. The results for 
normal infants fed on breast milk and 


TABLE 3. The effect of giving breast-fed 


cows’ milk have been previously reported 
(26). The administration of phosphates in 
this way made little or no difference to the 
[H+] or to the excretion of am. 
monia over a period of 24 hours, but it 
raised the excretion of phosphates from 
0.75 to 56.9 mEq/kg/24 hr and the titra- 
table acidity by nearly four times. The 
infants fed on cows’ milk preparations 
had more acid urines and excreted more 
phosphates, titratable acid and ammonia 
than either of the two other groups. 
Table 6 shows the effect of giving 
NH,(Cl as a single dose on the seventh day 
of life to babies who were being given 7 
mEq of P per day on the 5th, 6th and 7th 
days after birth. The results should be 
compared with those of the babies who 


infants aged 7 days 54 mEq of NH,Cl cr 


CaCl,/m* as a single dose. 


All the results except those for [H+] < 10-7 are given as mEq/m2/hr. 


The figures for P = amou 


nt excreted in mg * 1.8/31. 


Before giving 


Hours after giving NH,Cl or CaCl, 


NH,Cl or CaCl, 0-2 2-4 4-6 6 
[H+] x 10-7 6.2 +10.5 12.7+11.5 28.0+28.8 49.84 45.1 58.44 54.5 
Titratable acid 0.06 + 0.05 0.09+0.08 0.12+0.10 0.14+0.10 0.12+°.08 
Ammonia 0.40+0.13 0.47 + 0.17 0.57+0.14 0.59+0.11 0.5249.17 
Ammonia ~ titratable acid 0.46 + 0.16 0.55 + 0.15 0.69 + 0.22 0.73 + 0.17 0.65 + 9.22 
Chloride 1.37+0.49 1.90 + 0.57 3.79 + 2.53 3.32 + 1.73 2.85 + 1.29 
P 0.06 + 0.12 0.08+0.14 0.08+0.18 0.04+0.12 0.042 ).10 
Na 1.18+ 0.55 1.58 + 0.57 2.0) 2.66 + 1.73 
K 0.48 + 0.20 0.51+0.31 0.82+0.50 0.79+0.43 132 
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TABLE 4. The effect of giving normal adults 5 mEq of NH,Cl or CaCl,/m? as 
a single dose. 


All the results except those for [H+] x 10-7 are expressed as mEq/m?2/hr. 
The figures for P = amount excreted in mg * 1.8/31. 


Before giving Hours after giving NH,Cl or CaCl, 


NH,(Cl or CaCl, 0-2 2-4 4-6 6-8 
H+] x 10-7 6:2 18:2 51.2+ 59.9 137+ 83.4 142+ 35.5 150+ 38.0 
Titratable acid 0.26 + 0.23 0.48+0.21 0.92+0.22 1.01+0.20 0.96+0.22 
Ammonia 0.56 + 0.23 1.29+0.16 1.3320.23 0.32 1.34+ 0.35 
Ammonia + titratable acid 0.82+ 0.45 1.75 0:33 2.25+ 0.32 2.31+0.38 2.30 + 0.69 
Chloride 301170 8.05+4.90 11.88+4.51 8.66 + 3.57 7.57+ 3.66 
Pr 0.45 + 0.26 0.43 + 0.23 0.72 + 0.35 0.77+0.41 0.75+0.27 
Na 6.16 + 3.86 8.86 + 3.68 6.1143.19 5.556 
K 1.34 + 0.60 1.77+0.70 2.39+0.58 2.05+0.60 1.99 + 0.60 


TaB.e 5. Effect of giving 7 mEq P/day in solution at pH 7.4 on urinary pH and on the 
rates of excretion of inorganic phosphate, titratable acid and ammonia in 
breast-fed infants 7 days old. 


Titratable Titratable acid 
Phosphate acid Ammonia + ammonia 
Treatment [H+] x 10-7 MEq/kg/br Eq/kg/hr @Egq/kg/hr m“Eq/kg/hr 
Breast milk alone® 18 15.7 0.75 + 0.46 6.34.7 23.5 + 6.2 29.8 
Breast milk plus phosphate 11.9+ 17.4 56.9 + 12.4 22+11.4 21.54+4.9 43.5+15.9 
Cow’s milk? 16.2 + 9.74 93 + 23.2 42+ 10.8 30+ 5.4 72 


“ Data from McCance & Widdowson (26). 


TABLE 6. The effect of giving NH,Cl as before to breast-fed infants on the 7th day of 
their lives. The babies were also being given 7 mEq of P/day on this 


and on the two previous days. 


All the results except those for [H+] * 10-7? are given as mEq/m?/hr. 
The figures for P = the amount excreted in mg * 1.8/3]. 


Hours after giving NH,Cl 


Before giving 


NH,Cl 0-2 2-4 4-6 6-8 
10-7 1.49 + 2.46 3.31 + 1.58 11.2+9.0 15.3+11.6 
Titr: ‘able acid 0.19+0.14 0.27+0.17 0.42+0.22 0.47+0.21 0.51+40.24 
Amn .onia 0.24+0.09 0.42+0.17 0.5740.22 0.52+0.21 0.42+0.19 
Amn onia + titratable acid 0.43 = 0.20 0.69 + 0.32 0.99 + 0.39 0.99 + 0.36 0.94+0.31 


2.12 + 1.18 


1.98 + 1.08 


Chlo. ide 0.81 + 0.24 1.58+0.45 2.17+0.90 

P 0.634 0.27 1.02+0.32 0.85+0.42 0.80+0.38 0.89+0.52 
Na 1.28+ 0.40 2.31+ 0.66 230 1:01 2:02 = 1:21 1.80+1.15 
K 0.50 + 0.25 0.68+0.26 0.61+0.29 0.65+0.27 0.74+0.40 


3.3 

2.5 

14.5 
1,22 
1,29 

12 
1.43 
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TABLE 7. The effect of giving NH,Cl in adults as before, who were also taking 48 mi'q oj 
P in divided doses on the same and on the previous day. 


All the results except those for [H+] x 10-7 are given as mEq/m?/hr. 


The figures P = t} 


amount excreted in mg * 1.8/31. 


Before giving 


Hours after giving NH,Cl 


NH,Cl 0-2 2-4 4-6 6-8 
[H+] 10-7 7.76 + 8.75 39.9 + 33.1 148+ 88.9 85.2 + 40.2 63.4 52.1 
Titratable acid 0.38 + 0.23 0.97 + 0.38 1.84+ 0.43 1.99+0.43 1.98 > 0.50 
Ammonia 0.59 = 0.14 1.44+ 0.23 1.37 £0.25 1.412+0.29 1.28 ~ 0.32 
Ammonia + titratable acid 0.97+0.32 2.41+ 0.52 3.21+0.61 3.40 + 0.68 3.26 + 0.78 
Chloride 4.13 + 1.50 8.04 + 2.85 8.847 2.61 S617 6.711199 
P 0.86 + 0.47 1.43+1.10 2.44+0.95 3.00+0.98 3.52 + 1.5] 
Na 3.84 + 1.37 6.40 + 2.51 6.93 + 2.29 6.89+0.81 5.342 1.71 
K 1.54+ 0.80 1.98+0.65 2.29+0.68 3.07+1.35  3.23- 1.03 


were not given phosphates (Table 3) and 
with those of the adults in Tables 4 and 7. 
Table 7 shows the effect of giving 48 
mEq of phosphorus per day for two days 
as a neutral solution to adults and 54 
mEq of NH,Cl/m? on the second of these 
two days. 

The babies given phosphates plus NH,Cl 
(a) excreted 0.63 to 1.02 mEq of P/m?/hr 
throughout the test; (b) raised the [H+] » 
10-7 of their urines no more, indeed rather 
less, than those not given phosphates, but 
(c) excreted more titratable acid before 
and considerably more after being given 
the ammonium chloride; (d) excreted less 
ammonia before and slightly less after 
the acidifying drug. Owing to the in- 
creased excretion of titratable acid, how- 
ever, these infants got rid of more of the 
H ions generated by the drug than those 
not taking phosphates in spite of the fact 
that the [H+] 10-7 of their urines was 
never quite so high but (e) they excreted 
less chloride ions; (f) their excretion of 
sodium and potassium was about the same. 

Although the dose was relatively much 
smaller, giving the phosphates to the 
adults increased by 2-4 times the amounts 


of P being excreted in the urine. It made 
no appreciable difference to the rate at 
which these adults were able to raise the 
{H*+] x 10-7 of their urine after NH,Cl and 
consequently it greatly increased the ex. 
cretion of titratable acid. It made little or 
no difference to the rate of excretion of 
ammonia at any time but, as in the babies. 
it materially increased the elimination of 
the H ions generated by the drug and. 
also, as in the babies, it reduced the ex- 
cretion of chloride ions. 

Table 8 gives four ways in which the dif- 
ferences between the ability of the adult 
and the newly born to correct the acidosis 
may be summarised. It shows in order the 
maximum rate of excretion of titrat:ble 
acid +ammonia and the maximum H ion 
“clearance” index, both measured over ? 
hour periods. The H ion clearance is the 
most sensitive method hitherto devise | of 
assessing the ability of a person to miain- 
tain systemic neutrality. It was worked 
out by Elkinton & McCance (Elkin on. 
Huth, Webster & McCance (9)). The c! »ar- 
is defined as the mE. of 
titratable acid+ammonia excreted pel 


ance “index” 


min per 1.73 m?*plasma_bicarbo) ate 
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E 8. The greatest rate of excretion of H ions + NH, and the highest H ion clearance 
' (both measured over two hour periods) and the percentage of the dose of potential 


H ions and of chlorides excreted within 8 hours by adults and infants. 


Measurement Infants Adults 

Maximum rate ot excretion of H ions mEq/1.73 m?/hr without 

phosphate pretreatment 1.09 4.00 
Maximum H ion clearance index without phosphate pretreatment 0.35 1.70 
Maximum rate of excretion of H ions mEq/1.73 m?/hr after the 

administration of phosphate 1.70 6.00 
Maximum H_ ion clearance index after the administration of 

phosphate 0.57 2.50 
Percentage of the H ion excreted in 8 hours 

(a) Without administering phosphates 3.44 1.8 19.7+6.9 

(6) After administering phosphates 8.8+ 2.8 31.0 6.5 
Percentage of the Cl ions excreted in 8 hours 

(a2) Without administering phosphates 32.04 17.3 79.9 + 33.7 

(b) After administering phosphates 21.24 12.7 55.5 + 23.4 


(in mEq). Table 8 also shows the percent- 
age of the dose of potential H ions gener- 
ated by the drug excreted at each age 
within 8 hours, and the percentage of the 
chloride ions. In each case the rate of 
excretion before the drug was given has 
heen taken as the base line and deducted 
from the rates found over the next 8 hours. 

In all four parameters the infants made 
a poor showing as compared with adults, 
but it must be recalled that had the dos- 
ages and results been expressed per kg of 
hody weight the infants would have re- 
ceived a larger dose than the adults but 
they would have made a much better 
showing. 


3. The total response to ammonium chloride 


Tie average cation-anion relationship 
of t-e urine of the unmedicated breast-fed 
infa its is shown in Fig. la. It is known 
the work of Slater (39) on 18 other 
bre. st-fed infants, that on the 7th day of 
the lives infants absorb about 95 wEq/ 


kg r of potassium, 100 of sodiu.». 107 of 


fro 


chloride and 49 of phosphorus, and it may 
be taken that the babies in the present 
investigation were absorbing about the 
The 
ships were causing the excretion of 145 


same. serum-tissue-renal relation- 
pEq/kg/hr of (measured) cations, mostly 
balanced by chlorides and there were only 
traces of phosphates in the urine. The 
administration of the phosphates in- 
creased the intake of total cations by 84 
Eq/kg/hr for the previous 48 hours as 
shown in Fig. 1b. This was not a large ad- 
dition, for the food had been providing 
about 195 wEq/kg/hr and the addition 
provoked almost no change in the ex- 
cretion of total cations (see Fig. 1c). The 
rate of excretion of phosphates went up— 
if only to about half that of the additional 
intake—and this led to the readjustment 
between titratable acid and ammonia 
which has already been noted—but since 
there was only a trifling increase in the 
total excretion of cations the rate of ex- 
cretion of chlorides necessarily fell. This 
may be regarded as an example of the ion 
antagonism discussed by Rapoport & West 


= 
52.1 
0.50 
0,32 
0.78 
1,34 
1.5] 
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1.03 
| 
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K Na NH 
x Cl NO PHOSPHATE 
60 85 
Na 
b = S| COMPOSITION OF THE PHOSPHATE MIXTURE 
84 
K Na NHITA 
BEFORE NH, CL 
P Cl 
| | ‘sf AFTER PHOSPHATE 
K Na NH 
P 47 | 151 | 374 |g] AFTER NH, CL 
x Ci 
51 | 201 NO PHOSPHATE 
K Na NH | TA 
P 
| 60 | AFTER PHOSPHATE 
i i i iL 
50 100 150 200 250 300 350 


pEq/ kg/hr 


Fig. 1. 


the cation-anion balances of the urine in infants. The 


The effect of giving NH,Cl without and with pretreatment with neutral phosphates on 


measurements shown in blocks a and ( 


refer to the preliminary periods, and those in blocks d and e cover the 8 hours after the drugs 


had been given. b shows the composition of the neutral phosphates administered. ( » 


undeter- 


mined anions.) 


(34), but the results of Bank & Schwartz 
(1) should also be considered. These last 
authors found that the infusion of neutral 
sodium phosphate to sodium depleted 
dogs led to the preferential excretion of the 
phosphate, much titratable acid and urines 
with a very low pH. 

Giving the ammonium chloride without 
the preliminary administration of phos- 
phates created an internal acidosis (see 
Table 2). Fig. 1d shows that this raised 
the 
monia from 32 to 45 wEq/kg/hr. This may 


excretion of titratable acid + am- 
not seem much and it was only a fraction 
of the total response (compare Fig. 1a) 
which included a large rise in the excretion 
of Na and a smaller one in that of K. 
The rate of cation excretion rose from 145 


to 250 wEq/kg/hr and the whole of this 
was balanced by chlorides. 

The exhibition of the neutral phosphates 
little 
acidosis created by the ammonium c)ilo- 
ride (Table 2) nor did it make any dif- 


made difference to the internal 


ference to the total cation response of the 
kidney (Fig. 1d and e). The phosphates. 
however, considerably increased the rat of 
excretion of titratable acid + ammonia «ind 
produced a readjustment between t/iem 
as it had done when no NH,CI had | een 
given (Fig. 1d and e, and a and c). She 
rate of excretion of phosphates was ‘on- 
siderable although again less than the 
additional intake (Fig. la and c) nd 
again, since giving the phosphates did not 
increase the rate of excretion of catins. 
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K Na NH} 
: bl | | < BEFORE NH, CL 
x Cl 
Al NO PHOSPHATE 
Na IK 
; COMPOSITION OF THE PHOSPHATE MIXTURE 
32 
Na NHITA 
Kars | 107 BEFORE NH, CL 
X P cl 
On 22 11 AFTER PHOSPHATE 
| we AFTER NH, CL 
4 56 178 354 | 23 4 
x |P Cl 
NO P 
HOSPHATE 
K Na NH TA 
1 | 175 384 | 46 
P Cl 
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Fig. 2. 


the cation-anion balances of the urine in adults. The 


refer to the preliminary periods, and those in 


had been given. b shows the composition of the neutral phosphates administered. ( 


mined anions) 


the rate of excretion of chlorides neces- 
sarily fell. 

The average anion-cation relationships 
of the urine of the normal adults are 
shown in Fig. 2a. Without having been 
given phosphates or ammonium chloride 
the adults excreted 148 wEq of measured 
cations per hour, which was close to the 
rate in infants, although there were dif- 
ferences in the ammonia-titratable acid 
relat‘onships. These cations were balanced 
by rother more chlorides than in the in- 
fant: 
I 
of 
phor 
of e 


cons 


and by phosphates. 
annot be assumed the rates of intake 


‘ium, chloride, potassium and phos- 
s were equal to the measured rates 
‘retion, for the latter are subject to 
lerable diurnal variations, but all the 


The effect of giving NH,Cl without and with pretreatment with neutral phosphates on 


measurements shown in blocks a and c 
blocks d and e cover the 8 hours after the drugs 
= undeter- 


experiments were done at the same time 
of day to minimise this variable. The ad- 
ministration of the phosphates increased 
the intake of total cations considerably 
less than in infants (see Fig. 1b). Neverthe- 
less it raised the excretion of titratable 
cid and of sodium, and almost doubled 
the excretion of phosphorus (Fig. 2c). 

The internal acidosis provoked by am- 
monium chloride without phosphates rai- 
sed the excretion of titratable acid and 
ammonia, increased the excretion of po- 
tassium and considerably increased that 
of sodium. This last was almost entirely 
balanced by chloride and there was no 
increase in the excretion of phosphorus 
(Fig. 2a and d). This was a materially 
greater total response, however, than the 
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ammonium chloride produced in the ba- 
bies (compare Fig. 1d and 2d). After 
giving the neutral phosphates to the 
adults as well as ammonium chloride 
there was the usual increase in the ex- 
cretion of total cations (compare Fig. 2 ¢ 
and 2e). The increased excretion of 
phosphorus was roughly the same as in 
the infants and, although the excretion of 
chlorides more than doubled, the increase 
was not so great as it had been when 
phosphates had not been given (Fig. 2 a 
and d, and c and e). Thus the total response 
to the internal acidosis in infants was 
fundamentally the same as in adults and 
consisted of an increase in the output of 
titratable acid and to some extent of 
ammonia, but also a great increase in the 
output of sodium and chloride. The ad- 
ministration and excretion of the phos- 
phates did not make any difference to the 
output of total cations by the babies and 
not a great one to the output in adults, 
and consequently the increased excretion 
of phosphates led to the excretion of less 
chlorides, at both ages. 


Discussion 


The administration of neutral phos- 
phates to infants 7 days old resulted in a 
considerable increase in the elimination of 
free H ions, without any significant de- 
crease in the output of ammonium ions. It 
is possible that even before any acidifying 
drug was administered the capacity of the 
infants to eliminate H ions at the existing 
concentration of total CO, in the plasma 
was limited to some extent by the ab- 
sence of enough urinary buffers. This at all 
events is the assumption usually made 
about patients with renal acidosis (18, 44). 
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It may be instructive to regard the find. 
ings in the serum and urine of the nev. 
born infant as originating in the sam: way 
as those in a case of incomplete ren:| aci. 
dosis. Since, however, it was pointed out 
by Schiess et al. (38) that the administra. 
tion of neutral phosphate may have the 
above effect in normal adults the «iiffer. 
ence between them and the newborn must 
be regarded as a relative rather than an 
absolute one. 

These present experiments have dif. 
fered in two respects from any of the pre- 
vious ones carried out on human infants. 
Thus (1) they were based on the effects of 
administering single doses of the acidi- 
fying drugs and (2) the infants were 
breast-fed and therefore excreting little 
or no inorganic phosphates. The present 
experiments, therefore, were more like 
those of Cort & McCance (4) on newborn 
puppies than those of Gordon et al. (12) o1 
of Fomon et al. (10) on infants. 

After the administration of the acidi- 
fying drugs the average [H+] 10-7 of the 
infants urines rose less quickly and com- 
pletely than it did in adults. In other 
words the infants were unable within the 
time limits of these experiments to estab: 
lish as great an H ion gradient between 
plasma and urine. This is probably true of 
other newborn animals but puppies have 
been found more able than human in/ants 
(4) and piglets less able (14). Without 
enquiring too closely into the mecha1 ism 
involved the results again recall «hos 
found in cases of renal acidosis. Th> in 
fants studied by Gordon et al. (12 ex 
creted 24 hour urines with pH valu 
low as 4.6 after ammonium chlorid« 
they had been longer out of the u 
than the present series, their serur: bi 
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carbonates became much more abnormal, 
they were being fed on cows’ milk and the 
drugs were given for several days. Even in 
those experiments, however, some of the 
infants did not lower the pH of their 
urine (12, 17) as much as adults would 
have done. 

The lack of phosphates in the urine of 
newborn infants severely limited the ex- 
cretion of titratable acid at all times. 
However, even after the administration 
of neutral phosphates plus NH,Cl the 
average rates of titratable acid excretion 
did not reach adult levels, partly because 
the infants failed to raise the [H*] x 
\0-7 of their urines as much as the adults 
did. These results, therefore, confirmed a 
prediction of Dean & McCance (6). The 
results after administering phosphates as 
well as NH,Cl were not unlike those ob- 
tained by Pitts & Lotspeich (32) on aci- 
dotic dogs. 

Most previous experiments, including 
those of Cort & McCance (4) (see also 
Robinson (35)) have turned on the ability 
of the newborn subject to excrete am- 
monium ions and the general conclusion 
has been that the defect relative to adults 
may be considerable. This is probably 
correct so far as puppies are concerned. 
The present experiments have brought 
out new features in man. Owing to the 
paucity of buffer substances in the urine, 
the |}uman infant before birth and, if 
breas -fed, after birth, must rely upon 
nia for the greater part of the H ion 
ation in the urine (20). McCance & 
»wson (26) found that at 7 days of 
ie normal rate of excretion of am- 
moni per kg of body weight was equal to 
that  f adults and the present results after 
NH,‘ | bears this out if they are looked at 


amm 
elimi) 
Widd 


age 


39 — ¢ 


73116 Acta Pediatrica Vol. 50 


RENAL ASPECTS OF ACID-BASE CONTROL IN THE NEWLY BORN. III 


613 


per kg of body weight instead of per unit 
of surface area. It is possible that the am- 


monia production of these infants was 
reasonably good and being utilised almost 
to capacity before the drugs were given, 
and that this accounts in part for the 
small increase afterwards. From the data 
of other investigators, however, it seems 
that the ability to increase the excretion 
of ammonia during an acidosis is not as 
well developed in breast-fed infants as 
it is in those fed on cows’ milk (10). Pos- 
sibly the availability of ammonia pre- 
cursors (30), or the development of the 
necessary enzymatic processes (5, 16) 
may also be limiting factors. 

To judge by these experiments the new- 
born breast-fed infant is in a state of mild 
acidosis as indicated by its serum bicar- 
bonate and its response to the admini- 
stration of a solution of neutral phospha- 
tes. The excretion of H ions generated by 
the administration of ammonium or cal- 
cium chloride is limited by (a) the failure 
to raise the [H+] 10-7 of the urine so 
rapidly or so fully as adults and (5) the 
paucity of urinary buffers. Even when this 
was completely rectified the rate of H ion 
excretion (in all forms) was still only two- 
thirds that of adults, and certainly not so 
good at corresponding levels of plasma 
“total CO,” or following a similar fall 
from the normal steady state. This all 
suggests that the ceiling for the produc- 
tion of H ions by the infants’ kidney is 
lower than it is in adults. 

Cows’ milk provides the infant with more 
acid to excrete than breast milk (prob- 
ably mostly sulphates) but also provides 
buffer substances in the shape of phos- 
phates with which to excrete it as titra- 
table acidity. In healthy newborn infants 
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the two effects roughly cancel each other 
out but the infant on cows’ milk is usually 
slightly the more acidosed than the one 
on breast milk (13, 19). Owing to the 
continued ingestion of cows’ milk, how- 
ever, the kidneys of infants so fed may 
become able to excrete H ions better than 
those of breast-fed infants, for as early 
as the third month their hydrogen ion 
clearance the 
levels (mean 2.07; range 1.4—3.4) (9) after 
the administration of acidifying drugs, 


indices may reach adult 


while those of breast-fed infants of a simi- 
lar age, calculated from the data of Fomon 
et al. (10) are still very much lower with a 
mean of 1.01 and a range of 0.34—1.40. 

It 
been termed the ‘‘total response” to am- 


is not usual to consider what has 


monium chloride, although others have 
spoken rather teleologically cf the in- 
crease in ammonia production “‘sparing” 
the excretion of fixed base. It is suggested 
that the excretion of sodium and potas- 
sium is part of the response of the or- 
ganism to a fall in the pH of its plasma and 
tissues, and that it represents the excre- 
tion of sodium and potassium which have 
been rendered temporarily redundant by 
the operation of the buffering systems in all 
parts of the body (8). The pattern of all 
these responses may be found to differ 
from the newborn animal of one species 
to that of another according to their 
states of development at birth (14). 


Summary 
1. When a solution of sodium and potas- 
sium phosphates at pH 7.4 were adminis- 
tered to normal breast-fed infants aged 
5, 6 and 7 days, they excreted consider- 
ably more H ions (in the form of titratable 


acid). 
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2. After the administration of a sing! 
dose of an acidifying drug normal } reas: 
fed infants 7 days old (a) raised tly 
[H+] x 10-7 of their urine less rapid y anj 
completely than adults, (b) excreted les 
of the H ions generated by the dru zs hi 
(c) excreted almost as much ammonia ky 
of body weight. 

3. The administration of neutral pho: 
phates to adults (a) made no difference t 
the rate and extent of the rise of | H*| 
10-7 chloride, (/) in. 
creased the excretion of H ions in th 
form of titratable acid without reduciny 


after ammonium 


the excretion of ammonium ions. Afte 
giving phosphates to the infants they (i 
maintained the [H+] =10-* of the 
at a lower level, (6) increased the excretioi 
of free H ions but (c) reduced the ex, 
cretion of ammonia and consequently (/ 
did not increase the excretion of free 
ions +ammonia so much as adults. 

4. The infant aj) 
pears to be handicapped in dealing wit! 
a sudden acidosis by (a) an inability t 
raise the [H+] 10-7 of the urine rapid 
and completely, (b) an absence of uw 
nary buffers, (c) an overall failure t 


normal breast-fed 


excrete H ions so rapidly as adults. Thi 
may amount to a general deficiency on thi 
part of the kidney to produce the seces 
sary H ions to be excreted. 
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Frm the Departments of Neurosurgery and Surgery, University of Lund, Sweden 


Ventriculo-Caval Shunt in the 


by G. GROTTE? and 


Since the beginning of the present 
century surgeons have tried to solve the 
problem of treating communicating hydro- 
cephalus, but only recently have the 
results been promising. In the last few 
years a large number of cases have been 
operated on utilizing plastic tubing for 
drainage of cerebrospinal fluid (CSF) into 
the abdominal or pleural cavities or into 
the ureter. The attempts to drain this 
fluid directly into the circulating blood 
have been unsuccessful due to thrombosis. 
by using valves allowing only uni-direc- 
tional flow of CSF into the blood, the 
number of successful cases has increased. 
Such a valve, designed by Spitz and 
Holter, has been used in America and 
England with promising results. We have 
wed this technique in five cases of pro- 
e infantile hydrocephalus and in 
se of intracranial hypertension due 
iffuse of the 
zes. The preliminary results have 
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‘sented at the 14th annual meeting of the 
avian Society of Neurosurgery, Stock- 
eptember 1959. 

sent address: University Hospital, Upp- 
eden. 


Preliminary Experiences with the Spitz-Holter 


Treatment of Hydrocephalus! 


N. G. LUNDBERG 


History 

The first attempt to relieve hydroce- 
phalus by operation was the simple drainage 
of CSF to the exterior of the skull but these 
patients soon died from infection. Drainage 
of CSF back to the blood was suggested by 
Gartner as early as 1895. In 1908 Payr (18) 
reported operations in three cases where the 
lateral ventricle was anastomosed to the 
superior sagittal sinus utilizing a free seg- 
ment of vein. However, all patients died 
within four months of the operation. Later 
Payr (1911) reported other  ventriculo- 
venous shunt operations where connection 
between the lateral ventricle and the in- 
ternal jugular vein was made. Excellent 
results were obtained in three out of eight 
patients. For a comprehensive review of the 
earlier operative methods in the treatment of 
hydrocephalus see Davidoff (1929). 

Decreased production of CSF by excision 
of the choroid plexus was first suggested by 
Dandy in 1919 and it was further modified 
and improved by Hyndman (1946) and 
Searff (1952). The latter reported twenty- 
five good results out of thirty-nine operated 
cases with observation times of more than 
Six years. 

Ingraham et al., (1948) were the first to 
report the use of plastic tubing to drain 
CSF into the circulating blood of experimen- 
tal animals. In every instance blood refluxed 
into the tube and clotted. They concluded 
that a valve allowing only uni-directional 
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Silicone rubber 
connecting tube 


Inlet valve 


| Outlet valve 


Flow 


Threaded end 
for Introducer 


Fig. 1. 


flow of CSF into the blood would be neces- 
The 
results were presented by Cone et al. (1949) 


sary. first really promising clinical 


using lumbo-peritoneal shunts and Spitz 
& Koop (1952) reported seventy-three per 
cent success with this technique. Matson 
(1949) introduced the lumbo-ureteral shunt 
and of fourty-seven patients thirty-six good 
results were reported (15). The disadvantages 
of the Matson procedure are the sacrifice of 
one kidney and the dangers of electrolyte 
infection. Another 
Hakim (1955), 
shunting CSF from the lateral ventricle to 
the of the 
thoracic regions where large amounts of 
fluid 
Andersson & Bohm 


losses and technique, 


developed by consists of 


extradural space cervical and 


absorbed. In Scandinavia. 
(1958) 
their experience using the lumbo-peritoneal 


can be 
have reported 
shunt technique and in their cases the tip of 
the catheter was connected to a specially 
constructed teflon button. Of nine operated 
cases three showed good results. 

The 
venous shunts as suggested by the experi- 


first use of a valve in ventriculo- 
ments of Ingraham et al. was reported by 
Nulsen & Spitz (1952). They used a system 
consisting of a rubber subcutaneous pump 
connecting two ball valves. This case was 
operated on in 1949 and the shunt was func- 
tioning well at the time of their initial report 
in 1952. Further modifications and improve- 
ments were made by Holter in 1952 (Holter 
(1959), see also Menab (1958)). Another type 
of valve has been successfully used by Pudenz 
et al. (1957). Here the flow-controlling valve 
is situated in the tip of a catheter going 
down the superior vena cava to the right 
atrium. 


Actual location of Inlet 


Outlet silicone valves 


Simplified drawing of Holter valve to illustrate the principles of construction 


The Holter valve 


The Holter valve consists of a pair ¢/ 


fishmouth’’-type valves connected 
series by a short length of silicone rubbe 
tubing. This valve allows only wi. 
directional flow of fluid and is designed t 
open at two different pressures of abou 
ten and fifty mm of water respectively. Ii 
is about 5 em in length and 6 mm in dia. 
meter (Fig. 1). 

The valve system is placed under th: 
scalp in the mastoid region. A proxima 
catheter penetrates the brain so that thi 
tip will lie freely in the lateral ventricle 
Another catheter attached to the dista 
valve is tied into the internal jugulai 
vein and the tip of this catheter should li 
freely in the right atrium. 

The 
under the scalp and by compressing th 


valve mechanism lies directl: 
rubber cylinder connecting the two valves 
fluid can be pumped at any time to con 
firm that the system is patent. This 
one of the great advantages of the Holte: 
valve. The site of a possible block car als 
be determined. Compression of the ~alv 
mechanism without refilling denotes 

block in the ventricle. If the valve i. not 
compressible there is obstruction o: thi 


venous side. 
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Fig. 2. 
Operative technique 
A preoperative roentgenogram is taken 
in order to estimate the approximate 
length of the distal, cardiac catheter. This 
length is measured from the point where 
the catheter is tied into the jugular vein 
down to 1 em above the carina (junction 
of superior vena cava and right atrium). 
About 10 per cent is deducted due to 
magnification. 
The child is placed on the operating 
table in the supine position with the head 
the left 
temporal region and 


turned to exposing the right 
stretching the right 
side of the neck (Fig. 2). A curved incision 
is made in the right posterior temporal 
region and the flap is retracted. A burr 
hole for the ventricular catheter is placed 
xo that the valve does not extend down 
into ‘he neck area. A groove is made in the 
hone to keep the valve in place. The proxi- 
mal. ventricular catheter is inserted into 
the ateral ventricle using a stylet. An 
incis on is made in the neck, and the in- 
tern | jugular vein exposed by blunt dis- 
sect on through the sternomastoid muscle. 
By 1 .e use of a special introducer the valve 
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with its cardiac catheter already attached 
is passed through the cervical incision 
up under the skin to its position in the 
groove in the mastoid region where it is 
fixed with a steel wire. The ventricular 
catheter is now attached to the proximal 
ralve of the pump. The jugular vein is 
opened and the cardiac catheter passed 
the 
embolism!) The proper position of the tip 


down vena cava. (Beware of air 
of the catheter may be checked by a 
roentgenogram, by fluoroscopy or by elec- 
trocardiography (23). In the latter case a 
conducting wire is passed through the caval 
‘atheter so that its tip lies just above the 
distal opening of the tubing. This wire 
and one arm are connected to the electro- 
sardiograph, forming an ECG lead. Maxi- 
mal size of the P-deflection indicates that 
the tip of the catheter is situated near 
the centre of the auricle. 

At the site where the cardiac catheter 
passes into the jugular vein, the catheter 
is divided and threaded over a special 
plastic connector, which can then be 
firmly tied into the jugular vein without 
risk of obstructing the catheter. 
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Fig. 3 Case 1. Ordinate: head circumference in em. 
Abscissa: age in months. 


Material and Methods 


Our material comprises five cases of com- 
municating hydrocephalus, two of which 
had been previously operated for a meningo- 
In Arnold-Chiari mal- 
formation was diagnosed. All cases were exa- 


cele. one case an 
mined by pre- and postoperative measure- 
ments of head circumference, pneumography 
(postoperatively with small amounts of oxy- 
gen), recording of the ventricular fluid pres- 
sure (VFP) and mental and physical exami- 
nation by pediatricians. 

In the diagrams illustrating the increase 
in head the shaded 
represents the distribution in 80 per cent 
(between 10 and 90 per cent) of a study of 
white infants of North European descent 
living in or near Boston (24). 

The VFP was recorded during 20 to 30 
minutes using a technique described by 
Lundberg (13). In this technique the ven- 
tricle is punctured with the cannula con- 


circumference area 


nected to the pressure chamber of a strain 
gauge transducer. Escape of fluid during the 
procedure is thus avoided. Care was taken 
to obtain records during periods, when the 
child was calm, if necessary during feeding. 
The last observations included in the fol- 
low-up were made in November 1959. 


Case Reports 


Case 1: G.-M. 8S. Born May 19, 1958. 


Immediately after birth vomiting and 


Fig. 4. Case 2. Ordinate: head circumferetice in 
em. Abscissa: age in months. 


rapidly increasing head circumference oj 
unknown etiology (Fig. 3). July 23, 195s, 
encephalography: communicating hydro- 
cephalus. November 10, 1958, operation: 
Spitz-Holter ventriculo-caval shunt. No com- 
plications. Control examination August 10. 
1959: pediatric examination, normal devclop- 
ment. Lumbar encephalography, slight in- 
crease in brain substance (measured at 
frontal lobe); VFP 3 to 5 mm Hg unde 
pentothal anesthesia. 


Case 2: K. G. Born September 19, 1958. 
During first weeks of life rapid increase in 
head circumference of unknown etiolog\ 
(Fig. 4). November 14, mean VFP about 2! 
mm Hg (Fig. 5). Encephalography Novem- 
ber 17, 1958: communicating hydrocephalus. 
November 19, 1958: Spitz-Holter ventriculo- 
caval shunt. Fever of unknown origin :jfte! 
a few weeks without local signs of infec‘ ion. 
August 1959, lumbar encephalography and 
recording of VFP: increasein brain substance: 
mean VFP about 3 mm Hg (Fig. 5). Oct: 
1959, 


yber 
intermittent signs of increased in- 


tracranial pressure. October 21, 1959, reo- 
peration. Free passage in both cathe ers. 
the distal catheter checked by injectic. of 
radio-opaque material; valve functio.ing 


well. November 8, 1959, signs of acut: in- 
crease of intracranial pressure. Reopera ‘on: 
obstruction in proximal catheter relic ed. 
catheter too long. Postoperatively no «9m: 
plications, valve functioning well. Pedi tric 


examination: normal development. 
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Fig. 5. Case 2. Ventricular fluid pressure before (a) and after (b, c) shunt operation. Large deflec- 
tions in Fig:s a and b produced by crying. (When the child was quiet the records always showed 
a fairly even pressure level without any large fluctuations. Cf. Lundberg (13).) 


Case 3; A. J. Born October 14, 1958. 
Born with a cervical meningocele and 
Arnold-Chiari malformation. October 14, 
1958: excision of cervical meningocele. No 
complications in the immediate postopera- 
tive period, but in the following weeks he 
showed increasing signs of hydrocephalus 
with rapid increase in head circumference 
(Fig. 6). November 1958, lumbar encepha- 
lography: communicating hydrocephalus. 
December 12, 1958, operation: Spitz-Holter 
ventriculo-caval shunt. April 1958: increasing 
signs of septicemia, no signs of infection in 
the operative region; valve functioning 
well. Septicemia controlled with antibiotics. 
August 1959, pediatric examination: mental 
and motor development somewhat retarded. 
Lumbar encephalography: increase in brain 
substance. VFP measurement: normal. 
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Fig. '. Case 3. Ordinate: head circumference in 
em. Abscissa: age in months. 


Case 4: B. J. Born May 31, 1958. At birth 
meningocele in the lumbo-sacral region 
without neurologic symptoms. Operation 
June 1958: excision of the meningocele. 
After this operation rapidly increasing head 
circumference (Fig. 7). Encephalography 
August 1958: hydrocephalus. Encephalo- 
graphy January 1959 showed further dilata- 
tion of the ventricles. January 20, 1959, 
operation: Spitz-Holter ventriculo-caval 
shunt. No complications. August 1959, 
control examination: pediatric examination, 
normal development; lumbar  encephalo- 
graphy showed increase in brain substance, 
39 mm compared to 30 mm before operation 
(Fig. 8). Recording of the CSFP (lumbar 
needle) under pentothal anesthesia showed 
a mean pressure of about 2 mm Hg. 


Case 5: M. F. Born September 11, 1958. 
Immediately after birth, rapid increase in 
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‘ig. 7. Case 4. Ordinate: he ircumference i 
F Case 4. Ordinate: head circumference in 
cm. Abscissa: age in months. 
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b. 


Fig. 8. Case 4. a. preoperative, b. postoperative encephalography. See text. 
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circumference of unknown etiology 
(Fig. 8). Encephalography March 1959: 
cominunicating hydrocephalus. Recording 
of the VFP: mean pressure about 12 mm 
Hg. April 27, 1959, operation: Spitz-Holter 
ventriculo-eaval shunt. August 13, 1959, 
control examination: pediatric examination, 
menial development normal, motor develop- 
ment somewhat retarded; lumbar encepha- 
lography and VFP recording, increase in 
brain substance; mean VFP about 5 mm 
Hg. September 30, 1959: valve not function- 
ing. Reoperation required, September 30, 
1959: examination of shunt showed the 
right jugular vein to be obstructed. Novem- 
ber 25, 1959: ventriculo-venous shunt on the 
left side. No postoperative complications. 
Valve funetioning well. 


Comments 


Among these five operated cases there 
Three 
reoperations were necessary. In one case 


were no postoperative deaths. 
the obstruction was localized to the jugular 
vein and was probably due to thrombosis. 
This failure was most probably caused by 
the catheter being too short. In one other 
patient two reoperations were necessary 
within a time of only two weeks, both due 
to obstruction which, by the pumping 
technique, was located to a site proximal 
to the valve. At the first reoperation no 
block of the ventricular catheter was found 
At the second reoperation the passage 
through the ventricular cannula was found 
to he obstructed, probably because the 
tip was embedded in brain substance. In 
one case there were prolonged signs of 
seps's (Staphylococcus albus), finally con- 
trolied by antibiotics. In this case there 
were no signs of infection in the operative 
fie’ and no signs of thrombosis obstruct- 
ing he caval catheter. At the end of the 
foll 


wer functioning well. 


v-up time (November 1959) all valves 
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Case 5. Ordinate: head circumference 
in em. Abscissa: age in months. 


Fig. 9. 


The present valve was developed early 
in 1956 and has now been used in over five 
thousand cases all over the world (8). 
Spitz (23) has used the valve in over five 
hundred cases and he regards the results 
as very gratifying. At the beginning, re- 
operations were necessary in about thirty 
per cent but this figure has later been 
reduced to about ten per cent. Carrington 
(2) has recently presented a series of fifty 
patients where the Holter valve had been 
used. In forty-three, the valves were 
functioning well. Ten reoperations were 
necessary and eight of these were due to 
obstruction of the caval catheter (throm- 
bosis). 

One of the main arguments against 
this operation has been the factor of body 
growth. It has, however, been estimated 
that the distance from mastoid to xiphoid 
increases only 6 cm in the first years of 
life, and the new silicone tubing has the 
capacity of 300 per cent stretch. 

In the treatment of hydrocephalus the 
fact must be considered that in about 40 
per cent of the cases arrest will occur spon- 
taneously (12). In such cases a shunt may 
be of benefit even if it should stop func- 
tioning after the acute symptoms have 
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subsided. The early diagnosis and treat- 
ment of infantile hydrocephalus is of 
great importance, in view of the rapid re- 
duction of brain substance that may re- 
sult from increased intraventricular pres- 
sure. 

It is too early to evaluate fully the 
shunt operation with the Holter valve but 
the results so far are promising. 


Addendum 


The Spitz—Holter procedure has also 
been used for palliative treatment of an 
adult patient with intracranial hyper- 
tension, the origin of which was not diag- 
nosed until post mortem. 


Case 6: Diffuse melanosarcomatosis of the 
meninges with intracranial hypertension. 

to the Neurosurgical Department in Lund 
intracranial 
hypertension. His disease had started four 


A., a man, aged 44, was admitted 


because of signs of severe 
months previously with headache, vomiting, 


confusion and unsteadiness of gait. Even- 
tually he became more and more confused and 
agitated and he was repeatedly treated in a 
mental hospital. Three months after onset 
bilateral papilledema was found. Encephalo- 
graphy showed some herniation of the cere- 
bellar tonsils and moderate widening of the 
ventricles, but no signs of a space-occupying 
lesion. There were no cells in the cerebrospinal 
fluid but the protein content was consider- 
ably increased. Vertebral angiography was 
normal. 

Six months after onset he was admitted to 
the Neurological Department in Lund. He 
was then completely confused and disorien- 
tated, hallucinated, agitated and _ restless. 
Stiffness of the neck, paresis of the right 
abducens nerve and bilateral papilledema 
of 5 diopters was recorded. He was admitted 
to the Neurosurgical Department because of 
increasing signs of intracranial hypertension. 

In addition to 
signs, he had attacks of impaired conscious- 


the above-mentioned 
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ness, increased agitation and stiffness o the 
neck and irregular respiration. Ventri: ulo. 
graphy showed the same state as at the pre. 
vious encephalography, 7.e. no signs of any 
localized lesion and free passage of the gas 
from the ventricles to the subarachn idal 
space. The patient was treated by repeated 
lumbar punctures, which relieved his s\mp- 
toms of intracranial hypertension. The pro. 
tein content of the cerebrospinal fluid was 
high (1000-2000 mg per cent). Later, con- 
tinuous drainage of the right lateral ven- 
tricle was instituted using a uni-directional 
valve. By this means the VFP was kept 
at a normal or slightly elevated level during 
a total of about four weeks. During this 
period the patient 
agitated and there was no impairment of 
mental state was 


was less restless and 


consciousness, but his 
otherwise unchanged. A slight regression oi 
his papilledema was observed by the oph- 
thalmologists. The valve was sometimes clo- 
sed and the VFP recorded for a short period 
(Figs. 10a and 10b). 

The shunt operation was performed 8 
weeks after admission to the Neurosuryical 
Department. During the first days the pres- 
sure was low (Fig. 10c). Three days posto- 
peratively the pressure started to rise but 
could still be temporarily reduced by puinp- 
ing the valve (Fig. lla). Eight days after 
operation when the ventricular 
was removed the VFP was still above nor- 
mal. At a control ventriculometry three 
weeks later the VFP was about 4 mm Hg 
and the same level was recorded 33 months 
postoperatively (Figs. 11 b and 11c). The valve 
functioned well as shown in Fig. 12. At this 
time the patient was still severely confused 
and disorientated. His general condi‘ ion 
had deteriorated, he was permanently !ed- 
ridden and severely emaciated. As con:pa- 
red with the preoperative state the paviill- 
edema had diminished but there was st | a 
protrusion of 2 diopters in the left eye ind 
4 diopters in the right. Some vision vas 
preserved but how much was impossibl: to 
assess. The protein content in the ventric. lar 
fluid was still high (about 200 mg per ce it). 
The patient was transferred to his | cal 
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0. Case 6. a and b. VFP before shunt operation. Unfilled arrow: Respiratory distress. Filled 
: Tapping of ventricular fluid. c. VFP first day postop.-The curves should be read from right 
to left. 


tal where he died 2 months later, 7.e. 6 
hs after the shunt operation. From the 
quent course of the disease it appeared 
the valve was functioning until death. 


MINUTES 


Examination of the brain showed the 
meninges on the base of the brain to be the 
seat of a heavy neoplastic infiltration. There 


Postmortem examination 
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was moderate widening of the third and — of inflammatory reaction or infection c: th 
fourth ventricles but no appreciable widening _ walls or the lateral ventricles or the men ngeF | 
and no disconfiguration of the lateral ven- of the frontal lobes. 
tricles. Histological examination of the me- 
. Comments: This case provided us 
ninges at the base of the brain and on the R ; 
floor of the third ventricle showed invasion Valuable experience. It showed tha i 
of melanotic tumor cells. There were no signs __tracranial hypertension may be reli ved 
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for « long time by the Spitz—Holter shunt, 
ever: if the ventricles are small and the 
fluid pathways patent. The procedure may 
thus be useful in selected cases of so called 
pseudotumor cerebri and replace sub- 
temporal decompression, which has been 
widely used to relieve headache and pre- 
verve vision in such cases, but probably 
with limited The ventriculo- 
venous shunt may also be used as a pallia- 
tive measure in selected patients with 


benefit. 


inoperable brain tumours and in patients 
where the intracranial hypertension is not 
relieved by excising a tumor, provided 
that shunting between the ventricles and 
the subarachnoidal space is not expected 


to be of benefit. 


Summary 

A preliminary report is given of 5 
cases of infantile hydrocephalus where 
ventriculo-venous shunt operations using 
the Spitz—Holter technique were perfor- 
ined. There were no postoperative deaths. 
In all cases pre- and postoperative mea- 
surements of head circumference, pneu- 
mography of the 
recordings of the ventricular fluid pressure 
and examinations by pediatricians with 
regard to mental and physical develop- 
ment were performed. The follow-up time 
ranged between 6 and 12 months. Three 


ventricular system, 


reoperations of the shunt were necessary 
in two patients, after which all valves 
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Fig. 12. Cases 6. VFP 3} months postoperati- 
vely. Arrow indicates when valve is first com- 
pressed. 


were functioning well. In all 5 cases inter- 
ruption of the rapid increase in the head 
circumference occurred and a low ventri- 
cular fluid pressure was found postopera- 
tively. In 4 cases postoperative pneumo- 
graphy suggested an increase in brain 
bulk. Normal mental development was 
found in 4 of the cases. 

In addition a brief report is given of a 
case of 
due to diffuse melanosarcomatosis of the 


increased intracranial pressure 
meninges in an adult. In this case a 
Spitz—Holter shunt operation reduced a 
preoperatively high and widely fluctuating 
ventricular fluid pressure to a low, even 
level during an observation time of 6 
months. It is suggested that the Spitz— 
Holter operation may be of benefit in 
cases of severe intracranial hypertension 
where removal of an intracranial tumour 
or an intracranial shunt operation does 


not give relief. 
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Bo Vahlquist:' Introduction 


During the last week of September, 1960, 
the Swedish Paediatric Society had the pleas- 
ure of the company of 20 members of the 
British Paediatric Association as its guests. 
The group visited Gothenburg, Stockholm, 
and Uppsala. Meetings were arranged at each 
of these university clinics, the guests reading 
papers and the hosts arranging symposia. 
The subject of the Uppsala symposium was 
“Haemolytie Disorders in Childhood”, and 
the choice was influenced by the fact that this 
subject has for many years been one of the 
main research topics of the Department of 
Paediatrics in Uppsaia. 

Tiere is probably no field within haema- 
which has developed so rapidly in the 
last ‘ew decades as that relating to the 
haen.olytie disorders. As a matter of fact, 
sO miny new laboratory methods have been 


tolog 
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introduced, and so many new observations 
made, that it is becoming increasingly dif- 
ficult for the individual physician to keep 
abreast with them all. The papers now 
published do not embrace the iso-immuniza- 
tion disorders, a field large enough to deserve 
a symposium of its own. Even with this 
limitation, the subject to be covered is so 
vast that many parts of it can be touched 
upon only very briefly. Attention is directed 
chiefly to disease states of particular topical 
interest. You will note that many of the 
disease mechanisms discussed are so similar 
in both children and adults that a sharp de- 
marcation between the age groups would be 
artificial. 

Haemolytic mechanisms are at work in 
childhood considerably more often than is 
usually recognized. Furthermore the applica- 
tion of the complete armamentarium of 
serological and chemical laboratory methods 
of to-day leave an ever-diminishing group of 
cases which are not clarified with respect to 
mechanism and severity of disease. 


Stig Sjélin:? Clinical picture, classification, 
and diagnosis 


The clinical picture in haemolytic states 
varies greatly. On the whole there is a close 
relationship between the clinical picture and 
the degree of haemolysis, pronounced hae- 
molysis giving pronounced clinical signs. 
On the other hand, the clinical picture is 
fundamentally independent of such factors 
as the cause of the haemolysis and the pa- 
tient’s age. The only striking and important 
exceptions to this rule are seen during the 
first months of life [27]. 
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In marked haemolysis the presenting 
signs are pallor, lassitude, restlessness, 
jaundice, pains in the back and extremities, 
pyrexia, palpitations, and dyspnoea. The 
clinical picture and preliminary examination 
alone will usually suffice to give the diagno- 
sis in such cases. There is always anaemia, 
and as a rule hyperbilirubinaemia, marked 
reticulocytosis, and anisocytosis. Normo- 
blasts are often found in the peripheral 
blood. There is also commonly leukocytosis 
and a “shift to the left’. Haemolysis may 
be so rapid that haemoglobinaemia and 
haemoglobinuria result. The serum hapto- 
globin is practically always nil. There is al- 
ways increased excretion of urobilinogen in 
urine and faeces. Splenomegaly is common, 
and enlargement of the liver may occur as 
well. 

Slight hyperhaemolysis, however, is most 
commonly characterized by the absence of 
physical signs. There is sometimes slight 
jaundice, with no anaemia and no complaints 
on the patient’s part. In more chronic states, 
for example, some cases of congenital 
spherocytosis, the patient may remain 
symptom-free for long periods. In such cases 
attention is often drawn to the illness only 
during acute exacerbations or through at- 
tacks of abdominal pain or symptoms of 
gall-bladder disease. The diagnosis in such 
cases may be very elusive, and may be en- 
tirely dependent on the physician’s powers 
of observation. Particular vigilance is called 
for when there is no anaemia. The degree of 
hyperhaemolysis is then so modest that the 
bone-marrow, by increasing its production, 
is able to compensate for the loss due to 
haemolysis. Such cases of compensated hae- 
molytic disease may be associated with 
hyperbilirubinaemia, at any rate at times, 
and the haptoglobin level may be low, but 
slight reticulocytosis is commonly the only 
sign. The reticulocytosis may never be re- 
garded as more than an indirect sign of 
hyperhaemolysis, however, and it is never 
permissible to base the diagnosis of a haemo- 
lytic disorder solely on the finding of an 
increased reticulocyte count. It is in the case 
of these patients in particular, who are 
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relatively free from symptoms, tha: the 
clinician requires the help of the s) ecial 
laboratory to determine the red-cell su: vival 
and thus to arrive at the true diagnos ; 

When the investigation of a case ha: pro. 
ceeded so far that hyperhaemolysis has been 
demonstrated, there remains the important 
task of establishing exactly what tyje of 
haemolytic disorder the patient is suffering 
from. Even though our knowledge of the 
causes of the haemolytic states is still in- 
complete, the clearest and most useful clas. 
sification from the point of view of the clini- 
cian is that based on pathogenesis. In gen- 
eral these states may be divided into 3 groups 
(Table 1). The first includes those disorders 
in which the basic fault is a defect in the red 
cells. In the second group we have the cases 
in which normal red cells are produced and 
the haemolytic process is caused by some 
extracorpuscular factor. Finally, the third 
group includes cases in which it is known 
that haemolysis is due to a combination of 
intra- and extracorpuscular factors. 

The chances of distinguishing these three 
groups are as a rule fairly good, but may be 
difficult if the patient has recently re- 
ceived a blood transfusion. If possible, blood 
should not be administered until the diagno- 
sis is clear. 

In this paper I am only going to discuss 
some of the most important of these haemo- 
lytic states and only those factors and la- 
boratory tests that are not coming up later 
in this Symposium. 


Intracorpuscular defects 


Most of the haemolytic anaemias due to 
intracorpuscular factors are hereditary. In 
these states a good deal of help is, of course, 
to be had from the family history an¢ in- 
vestigation of the patient’s relations, b it it 
must be remembered that there are pat ents 
with hereditary haemolytic anaemia w/ose 
parents and siblings are healthy. Hered) ‘ary 
haemolytic anaemia may produce symp: oms 
at birth. In this connexion it mus‘ be 
stressed that the red cells of the newbori are 
macrocytic and contain foetal haemogl: bin, 
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TABLE 1. Classification of haemolytic disorders. 


Intracorpuscular defects 
Hereditary spherocytosis 
Hereditary elliptocytosis 
Hereditary non-spherocytic haemolytic anaemias 
Congenital Heinz-body anaemia 


Congenital haemolytic anaemia associated with porphyria 
Sporadic congenital spherocytosis associated with congenital hypoplastic thrombocytopenia and 


malformations 
Infantile pyknocytosis? 
Thalassaemia 
Haemoglobinopathies 
Paroxysmal nocturnal haemoglobinuria 


Extracorpuscular causes 
Haemolytic anaemias caused by isoagglutinins 
Haemolytic disease of the newborn 


Mismatched transfusions (anti-A, anti-B, anti-Rh, etc.) 


Idiopathic haemolytic anaemias 


Antibodies demonstrable (auto-immune haemolytic anaemias) 


No antibodies found 
Symptomatic haemolytic anaemias 


Leukaemia, malignant lymphomas, osteopetrosis, disseminated lupus erythematosus, throm- 
botic thrombocytopenic purpura, cirrhosis of the liver 


Haemolytic anaemias caused by infections 


Malaria, virus pneumonia, infectious mononucleosis 


Haemolytic anaemias caused by chemical agents 


Phenylhydrazine, naphthalene, aniline, lead, sulphanilamide, vitamin K, etc. 


Combination of intra- and extracorpuscular factors 


Chemical agents: primaquine, naphthalene, sulphanilamide (vitamin K?) 


Vegetable agents: fava bean 


and that their enzyme pattern is different 
fom that of red cells of adults [97], and 
their osmotic resistance is higher [80]. The 
characteristic blood picture of several he- 
reditary haemolytic syndromes is therefore 
often modified in the neonatal period and 
during early infancy [10, 27]. 

Hereditary spherocytosis is inherited as a 
Mendelian dominant, and is most frequently 
recognized for the first time during child- 
hood or early adulthood, but cases have been 
diagnosed at or within a few days of birth 
(56, 73]. The chief feature characterizing the 
red ce'ls in this condition is microspherocyto- 
sis. And providing the technique is careful, 
the osmotic resistance can usually be shown 
to be lecreased. The chances of demonstrat- 
ing tre anomaly of the red cells are im- 
prove | if the cells are first incubated at 37°C 
for 2° hours [19]. The osmotic resistance is 
then isually found to be greatly lowered. 
The ¢ gree of spontaneous haemolysis is in- 


creased after incubation; and if glucose is 
added autohaemolysis is diminished by the 
same degree as in normal red cells [19]. 
Aplastic crises are seen in hereditary sphero- 
cytosis. These cases are characterized by a 
sudden cessation of bone marrow function 
with varying degrees of anaemia, leuko- 
penia, and thrombocytopenia. From the 
rather extensive studies that have been 
carried out it now seems likely that hyper- 
haemolysis in hereditary spherocytosis is 
due to a genetically determined defect in the 
metabolism of the red cells [69, 70]. 
Non-spherocytic haemolytic anaemia also 
seems to be inherited as a Mendelian domi- 
nant. This disease, which is relatively rare, 
has been described in newborn infants, and 
may resemble severe erythroblastosis foe- 
talis [53]. In most of the cases that have 
been published, findings such as jaundice 
and anaemia were present from early in- 
fancy. There are no microspherocytes, and 
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the osmotic resistance is normal. Selwyn & 
Dacie have shown that there are at least 
two main types of non-spherocytic anaemias 
[76]. Type I is characterized by a moderate 
degree of ovalocytosis; there is a tendency 
to abnormally increased osmotic resistance 
after incubation; the autohaemolysis rate is 
within the normal range or only slightly in- 
creased; and the addition of glucose reduces 
the degree of autohaemolysis, but less so 
than with normal cells. Type II cases have 
rounded macrocytes; after incubation the 
osmotic resistance of the red cells decreases 
markedly; the rate of autohaemolysis is 
strikingly increased; and the addition of 
glucose rather than decreases 
autohaemolysis. Marked basophilic stippling 
is sometimes found, and it is possible that 
these cases form a third group [19]. The 
essential defect in the red cells of hereditary 
non-spherocytic haemolytic anaemia seems 
to be biochemical and to differ in nature from 
that in hereditary spherocytosis [77, 98]. 
Congenital haemolytic anaemia with marked 
Heinz-body formation is a rare disease, pre- 
dominantly affecting premature infants and 
probably caused by a congenital defect of 
the red cells [4, 19]. As a rule the disorder 
is transient (although sometimes fatal), but 
some cases seem to persist into late child- 
hood. This group includes only spontaneous 
is, those cases where no toxic 


increases 


cases, that 
agents such as aniline, sulphanilamide, or 
vitamin K can be incriminated. 

Infantile pyknocytosis is a “new” 
quite recently described by Tuffy, Brown 
& Zuelzer [89]. They published the cases of 11 
newborn infants, both premature and full- 
term, with acute severe haemolytic anaemia 
characterized by an increased number of 
pyknocytes or burr cells. These cells are dis- 
torted and contracted red cells with spiny 
projections, and seem to occur regularly in 
small numbers in infants up to the age of 2-3 
months. The disease is associated with neo- 
natal hyperbilirubinaemia. It is transient, 
and responds to transfusion therapy. Genetic 
factors probably play a part in its develop- 
ment. 

Thalassaemia minor is often difficult to 


disease 
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diagnose. It represents the hetero: ‘gous 
state of a partially dominant autosoma 
and is characterized by the presence ‘f nu. 
merous target cells, raised osmotic resis ance, 
and increased concentration of haemo::lobin 
A,. In many cases small quantities of foetal 
haemoglobin can also be demonstrate. The 
rate of destruction of red cells is usually nor. 
mal. Thalassaemia major, or Cooley’s anae. 
mia, represents the homozygous coni(ition, 
The illness usually makes its first appearance 
during infancy. The most typical features 
are marked haemolytic anaemia with pale, 
irregular, sometimes fragmented red cell 
and target cells, increased osmotic resistance, 
and a high concentration of foetal haemo. 
globin. No abnormal haemoglobin is found, 
Thalassaemia is therefore not to be consid. 
ered a true haemoglobinopathy. It is not 
confined solely to persons of Mediterranean 


gene, 


ancestry. 

Paroxysmal nocturnal haemoglobinuria is 
a disease of adults, and very few cases hav 
been described in children [18]. There is 
never a family history of the condition, in 
spite of the disease being due to an intra. 
corpuscular defect. 


Extracorpuscular causes 


Haemolytic anaemias due to extracor- 
puscular factors are usually classified as 
acquired haemolytic anaemias. A large num- 
ber of these anaemias are due to antibodies. 
Our most important diagnostic aid in thes 
cases is Coombs’s direct test. 

Haemolytic disease of the newborn is char: 
acterized by the fact that the antibodies 
are transferred passively. The haemvlyti 
process is consequently transient, the cegree 
of haemolysis subsiding parallel to the »atu- 
ral decay of the immune globulins. 

Idiopathic haemolytic anaemias. A 
the haemolytic anaemias there are a 
cases in which no aetiological factor c 
discovered. These are classed as idio) 
haemolytic anaemias. The clinical p 
varies widely, but the signs are rare y 4& 
mild as those sometimes encounter 1 il 
hereditary spherocytosis. In childre: the 
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onset is often abrupt. Cases with an acute 
onset, short duration, and spontaneous re- 
cover’ have often been referred to as Lede- 
rer’s snaemia. In most cases Coombs’s direct 
reaction is positive, and ‘‘warm’’ antibodies 
can usually be demonstrated. In these cases 
the disorder is called auto-immune haemoly- 
tic anaemia. The fact that antibodies cannot 
be demonstrated in certain cases may be due 
to imperfections in the serological technique. 
Idiopathic haemolytic anaemias can be ac- 
companied by thrombocytopenia. Aplastic 
crises are rare. Idiopathic haemolytic anae- 
mias occur rarely during the first months of 
life, probably because the capacity for form- 
ing antibodies is then slight. The youngest 
patients described were 23, 5, and 54 months 
old [18, 55]. 

Symptomatic haemolytic anaemia. Since 
reliable methods have become available for 
the measurement of the life-span of the red 
cells it has been found that the usually 
slight, but sometimes grave, anaemia that 
accompanies many prolonged, serious disease 
states is commonly, at least in part, due to 
shortened red-cell survival. Sometimes cases 
of this type may show marked haemolytic 
signs. In several cases of symptomatic 
haemolytic anaemia Coombs’s direct test has 
heen positive, and it is probable that the 
mechanism of haemolysis is similar to that in 
the auto-immune haemolytic disorders. A 
number of the states that may cause symp- 
tomatic haemolytic anaemias occur during 
childhood, for example, leukaemia, throm- 
botic thrombocytopenic purpura, osteope- 
trosis. lupus erythematosus, and cirrhosis of 
the liver [12, 18, 82, 88, 92, 93]. 

Huemolytic anaemias due to virus infections 
are rare in childhood. Virus pneumonia and 
infec ious mononucleosis seem to be the 
comrionest causes, but cases have also been 
descr bed following measles and herpes sim- 
plex |18, 35, 87]. Antibodies have been in- 
‘riminated, and in cases following virus 
pneunonia they have been of the “cold” 
varie y. 

H emolytic anaemias caused by chemical 
agen’ . Among chemical agents that may in- 
duce haemolytic anaemia synthetic water- 
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soluble vitamin K is of special interest to the 
paediatrician [4, 96, 97]. It is now certain 
that excessive doses of vitamin K given to 
new-born premature infants may result in 
progressive haemolytic anaemia during the 
first weeks of life. It is uncertain, however, 
whether this is true of all premature infants 
or only of those with sensitive cells (see be- 
low). The blood picture is characterized by 
large numbers of Heinz inclusion bodies and 
numerous distorted and fragmented red 
cells. The disease is self-limiting, but death 
from kernicterus has been reported. 


Combination of intra- and extracorpuscular 
factors 


Concerning the third main group, com- 
bined intra- and extracorpuscular factors, I 
should first like to point out that they 
provide examples of a “new” mechanism of 
haemolysis. It has for long been known that 
certain persons, chiefly negroes, develop 
haemolytic anaemia after receiving the 
antimalarial drug primaquine, and_ that 
others, mostly of Italian and Greek descent, 
develop haemolytic anaemia after eating 
fava beans or after inhaling fava-bean pollen 
[9]. It has since been shown that the red 
cells of these persons are sensitive to the 
respective agents, exposure leading to hae- 
molysis. Owing to an inherent biochemical 
abnormality, these primaquine-sensitive cells 
form Heinz bodies more readily than non- 
sensitive cells. It is highly probable that 
these findings will also prove significant in 
the elucidation of other haemolytic anaemias 
caused by chemical agents in sensitive per- 
sons. There is, for example, much to suggest 
that some vitamin K-, naphthalene-, and 
sulphanilamide-induced haemolytic anae- 
mias belong to this group [94]. 

The importance of red-cell survival studies. 
It is clear that with the aid of fairly simple 
laboratory tests we are often able to estab- 
lish with certainty the nature of a given pa- 
tient’s haemolytic anaemia. On the other 
hand, it must be stressed that advanced la- 
boratory facilities are frequently required in 
order to arrive at the correct diagnosis. This 
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TABLE 2. Summary of the investigation of a patient with suspected haemolytic anc mia, will ) 


(Modified after DE Grucuy, 1958.) the % 
wish 
History red 
Age at onset of symptoms in Wi 
Race group) 
Jaundice I thin 
Colour of urine and faeces In a 
Crises n 
Cholelithiasis we Wt 
Family history radio 
Symptoms suggestive of disorders causing symptomatic acquired haemolytic anaemias paticr 
lowin, 


Physical examination 


haem 
Jaundice, splenomegaly, hepatomegaly tagge 
General development, height, facies, presence of congenital abnormalities, leg ulceration or pig. 
mentation (hereditary haemolytic anaemias) havec 
Signs of disorders causing symptomatic acquired haemolytic anaemia, especially lymph-node en. f into | 
largement and purpura estab 
Special investigations factol 
A. Essential investigations for all cases patie! 
Full blood examination, with special reference to: prove 
Morphology of red cells in a well-made and well-stained blood film (note especially spherocy. Cras 
tosis, auto-agglutination, fragmentation, inclusion bodies) recip! 
Reticulocyte count haem 
Serum bilirubin estimation corpu 
Osmotic resistance demo 
Direct Coombs’s test 
Examination of urine for urobilinogen, haemoglobin, haemosiderin — 
B. Further investigations required in some cases pes 
Estimation of faecal urobilinogen Ts" 
Measurement of red-cell life span with Cr*! (or DFP?) combined with surface counting over § vests 
liver and spleen bodie 
Measurement of red-cell destruction with carbon monoxide eases 
Autohaemolysis after incubation, with and without added glucose (hereditary spherocytic and W 
non-spherocytic haemolytic anaemias) 
Osmotic resistance after incubation (hereditary spherocytosis) a cal 
Examination of plasma for haemoglobin and methaemalbumin tion 
Estimation of haptoglohin concentration the 
X-ray of skull, hands, and long bones (hereditary haemolytic anaemias) sit 


Sickle-cell test (sickle-cell anaemias) 
Tests for abnormal haemoglobin types (hereditary haemolytic anaemias) serve 
(a) Paper, starch block, or agar gel electrophoresis 
(b) Chromatography 
(c) Alkali denaturation technique eos 
Investigation of relatives (hereditary haemolytic anaemias) er 
Examination of cells for methaemoglobin and sulphaemoglobin (chemical haemolytic ana: mia) J path 
Heinz-body preparations (chemical haemolytic anaemia) 
Serum cold agglutinins and warm agglutinins (acquired haemolytic anaemias) li 
Investigations to demonstrate aetiology in symptomatic acquired haemolytic anaemia, “spe- 
cially LE-cell test and lymph-node biopsy 
Wassermann test (paroxysmal cold haemoglobinuria: N.B. false positives in acquired haem: lytic F to ! 
anaemias) eith 
Donath—Landsteiner test (paroxysmal cold haemoglobinuria) 
Ham’s acidified-serum test (paroxysmal nocturnal haemoglobinuria) 


tier 
1 
Hos 


Mi 


or pig: 


de en- 


erocy- 


Over 


and 


will he further illustrated at a later stage of 
the Symposium. In the present connexion I 
wish only to emphasize the value of repeated 
red-cell survival studies, especially in cases 
in which there is doubt concerning the main 
group to which the case should be assigned. 
[ think this is best illustrated by an example. 
In a case of osteopetrosis that we examined 
we were able to demonstrate with the aid of 
radioactive chromium that the red cells of the 
patient had a reduced survival time fol- 
lowing autotransfusion [82]. In other words, 
haemolytic anaemia was present. Chromium- 
tagged red cells from a healthy donor be- 
haved in the same manner when injected 
into the patient. These investigations thus 
established the fact that an extracorpuscular 
factor was at work, but it was not until the 
patient’s chromium-tagged red cells had 
proved to survive normally in a healthy 
recipient that it became clear that hyper- 
haemolysis was due exclusively to an extra- 
corpuscular factor. Similarly, it is possible to 
demonstrate intracorpuscular defects, and 
even combined intra- and extracorpuscular 
factors. And survival studies on red cells of 
varying genotype are of great value in in- 
vestigating the part played by different anti- 
bodies in causing haemolysis in individual 
cases [45]. 

When a haemolytic anaemia is suspected, 
a careful clinical and laboratory investiga- 
tion is always needed in order to establish 
the correct diagnosis. In analysing such 
cases the procedures listed in Table 2 may 
serve as a guide. 


of 


Claes Hégman:! Serological 
pathogenesis and diagnosis 


aspects 


It is now generally accepted that acquired 
haemolytic anaemia (AHA) can be due 
to immunological mechanisms. Antibodies, 
either produced by another individual (iso- 
anti odies) or by the patient himself (auto- 
ant'.odies) react with antigens of the pa- 
tier ’s erythrocytes, resulting in shortening 
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of the life-span of the cells. ““Haemolytic 
disease of the newborn’’, as a rule due to 
passively transferred Rh or ABO antibodies, 
is the commonest immune haemolytic anae- 
mia of childhood in our part of the world. 
This disorder will not be dicussed at this 
Symposium, however. 

In the other type of AHA, that due to 
auto-antibodies, serological methods such 
as the antiglobulin reaction (Coombs’s test) 
are positive, indicating the presence of anti- 
body-like globulins on the patient’s erythro- 
cytes. It is not known, however, whether the 
globulins coating the red cells are true auto- 
antibodies, or whether they are antibody- 
like pathological proteins. From a clinical 
point of view they may be regarded as true 
antibodies. They can be classified according 
to the temperature of their optimum reac- 
tion in vitro [18]. The warm antibody has its 
optimum at 37°C, whereas the cold reacts 
best at temperatures just above zero, with 
some activity up to 28°-32°C but seldom at 
37°C. Certain other properties of the anti- 
bodies are correlated to the optimum tem- 
perature, and are summarized in Table 3 
cited from Dacie [20]). 

The anaemia caused by antibodies of the 
cold type is the rarest, and seems chiefly to 
affect patients above 40 years of age [22]. 
The warm type anaemia may appear equally 
frequently in children as in adults. The 
antibodies of the latter type are incomplete, 
that is, they are detectable by the antiglobu- 
lin technique but do not cause agglutination 
of red cells suspended in saline medium. The 
incomplete antibodies may, however, ag- 
glutinate red cells suspended in colloid- 
rich medium such as albumin, gum acacia, 
dextran, or polyvinylpyrrolidone (PVP). 
Sometimes the most sensitive reaction is ob- 
tained if the red cells are treated with certain 
proteolytic enzymes such as trypsin, papain, 
or ficin [60]. Red cells coated with incom- 
plete auto-antibodies are usually not haemo- 
lysed in the presence of complement, as is 
often the case with the cold type antibodies 
[18, 19]. An exception from this rule is de- 
scribed by Dausset & Colombani [22]. In a 
series of 128 cases of AHA, four patients 
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TABLE 3. Characteristics of the auto-antibodies of acquired haemolytic anaemia 
(After DactE, 1959.) 


“‘Warm”’ type of antibody 


“Cold” type of antib« ly 


Nature 
Electrophoretic mobility 
Sedimentation constant 


y-Globulin 


S20,w 7 


Class of antibody 
Complete (agglutinating) or 
incomplete (non-agglutinat- 
ing) 
Haemolytic potentiality 


red cells 


Antiglobulin reaction 
Presence of prozone 
Effect of pH of patient’s 
serum 
Effect of heating patient’s 
serum to 56° C 
Effect of adding y-globulin to 
anti-globulin serum 


Frequent 
Little effect 


Little effect 
y-globulin 


Thermal range of antibody 


Specificity of antibody 


Usually incomplete 


Fails to haemolyse normal or 
trypsinized red cells or PNH 


Inhibition by small amounts of 


Maximal at approximately 37°C 


““Non-specific’’, usually; anti- 
Rh plus “‘non-specific’’, occa- 


y-Globulins (? B-Globulir:-) 
S20,w 16 19 


Complete 


Haemolyses normal red cells 
(sometimes only at pH 6.5 
7.5), trypsinized red cells and 
PNH red cells 


No prozone 

Agglutination usually increased 
at pH 6.5-7.5 

Complete inhibition of aggluti- 
nation 

No inhibition by small amounts 
of y-globulin 

Not active at 37° C; just active 
at 28-32°C; activity greatly 
increased by cooling below 
28°C 

“Non-specific” 

Anti-I 


sionally; anti-Rh alone or oth- 
er specificities, rare 


had antibodies of the warm type which, 
against the rule, acted as haemolysins. 
Three of these cases were children, 8 months 
to 24 years of age, and they all showed a 
similar clinical picture, with pyrexia, hae- 
moglobinuria, jaundice, and enlargement of 
the liver and spleen. The illness appeared 
after an upper respiratory infection, and 
rapid recovery occurred after transfusion and 
corticosteroid therapy. 

The auto-antibodies may be found both 
in serum and on the patient’s red cells or on 
the red cells only. They can be removed 
from the erythrocytes by elution, and sub- 
jected to analysis [18, 51]. The cold auto- 
antibodies always appear non-specific in 
routine testing, i.e. they react with all samples 
of red cells independent of their blood groups. 
In contrast, the warm antibodies sometimes 


show a distinct serological specificity [49. 91], 
often within the Rh-system. Hollander & 
Batschelet [42] pointed out that the incidence 
of the different Rh-specific auto-antibodies 
is closely correlated to the incidence of the 
Rh-antigens in the population. Consequenily, 
as the e-antigen is present in about 98°, of 
all individuals, the anti-e would be expec ‘ed 
to be one of the commonest specific ai:‘o- 
antibodies; and this, in fact, is the cese. 
Dacie [20] suggests that the apparen:ly 
non-specific antibodies (which are the c m- 
monest of the auto-antibodies) may 's0 
turn out to be specific. They could, in 
theory, be directed against a “‘public”’ a’ ti- 
gen common to the vast majority of hu: an 


1 Support for this hypothesis has been g en 
by Wiener, Unger, Cohen and Feldman (. 0. 
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In -ertain cases this specified diagnosis of 
the a: tibodies may not only be of theoretical 
interest but also of clinical value. It has been 
demonstrated [45, 61] in cases of AHA due 
to auto-anti-e that the patient’s own red 
ells, which contained the e-antigen, were 
destroyed much more rapidly than trans- 
fused red cells lacking the e-antigen. 

The clinical findings may indicate AHA, 
even though the serological reactions are all 
negative. The question of whether the disease 
is due to a non-immunological mechanism 
in these cases or whether the methods avail- 
able are inadequate cannot be answered at 
present. It is to be remembered, however, 
that the reagent used in the antiglobulin test, 
which is considered to be the most reliable 
method available, is produced by animals, 
usually rabbits, and that the capacity of in- 
dividual rabbits to form these antibodies 
varies greatly. The antiglobulin sera must be 
carefully selected, absorbed and tested, and 
should be used in at least two different dilu- 
tions [25, 60]. Furthermore, it is possible 
that in specific cases the patient’s auto- 
antibodies may consist of pathological 
globulins not normally present, and that 
normal human serum is therefore not capable 
of stimulating the animals to produce the 
relevant anti-human globulins. By immuniz- 
ing rabbits with the serum of a patient show- 
ing clinical signs of haemolytic anaemia, 
Evans & Weiser [28] obtained an antiglobu- 
lin serum which gave a positive antiglobulin 
reaction with the red cells of the patient in 
question, although other antiglobulin sera 
failed, 

Addition of suitable amounts of human 
gamma-globulin to antiglobulin sera inhib- 


¢9-pits the anti-gammaglobulin, but not anti- 


-pIntern. Med. 44, 221, 1956), who showed that 5 
,fout of 22000 bloods reacted only very weakly 
with } otent cold agglutinins. They concluded that 
an an‘igen called I was lacking in the red cells 
of thse 5 individuals. This antigen is poorly 


devel’ ped at birth and increases in strength 


j-pconti: uously during the 2nd to 12th month of 


life () ursh: Brit. J. Haematol. 7, 200, 1961). The 
lindi:. ; of Wiener et al. that the cold agglutinins 
show in anti-I specificity has been confirmed 
by Jc \kins, Marsh, Noades, Tippet, Sanger and 


pRace Vox Sang. 5, 97, 1960). 
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bodies against other globulins. Sera partially 
neutralized in this way react with red cells 
sensitized by certain types of human anti- 
bodies. This is true both with iso- and auto- 
antibodies [60]. Human auto-antibodies can 
thus be divided into a gamma-globulin and 
a non-gamma-globulin type. Recently it has 
been demonstrated [73] that the ‘‘non- 
gamma-globulin” reaction is due to rabbit 
anti-human globulin which combines not 
with the antibody itself but with human 
complement participating in the reaction. 

The fixation of antibodies on the surface 
of erythrocytes apparently causes damage 
to the cells, reducing their life-span. The 
survival time of red cells has been studied by 
differential agglutination (Ashby technique) 
and by tagging red cells with radioactive 
isotopes, in recent years especially Cr*! [60, 
61]. Both quantitative and qualitative fac- 
tors influence the rate at which the anti- 
bodies bring about destruction of the cells. 
Rh-positive red cells coated with large 
amounts of Rh (D) antibodies survive for a 
far shorter time than cells coated with a 
smaller amount of antibodies [48]. In the 
acute phase of haemolytic anaemia antibodies 
are often found in the serum as well as on the 
surface of the red cells, whereas no free an- 
tibodies may be found during remissions 
[18]. This indicates that excess antibody is 
formed in the acute phase. The presence of 
free antibodies in the plasma has been found 
to indicate a poor prognosis [22]. 

In some cases the red cells can be shown 
to undergo intravascular lysis, apparently 
by the action of serum complement; in other 
cases they are destroyed with the coopera- 
tion of such organs as the liver and the spleen 
[44, 45, 48, 49, 50, 62]. In the latter event 
little or no free haemoglobin is to be found 
in the plasma. By measuring the radioac- 
tivity over different areas of the body it is 
possible to get a rough idea of the accumula- 
tion in different organs. This in turn indi- 
cates that the organ in question is involved 
in the process of red-cell sequestration. 
Erythrocytes coated with incomplete anti- 
bodies are generally trapped in the spleen, 
whereas complete antibodies cause seques- 
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TABLE 4. 
Subcellular parts Main function 
mature eryth vocyte 
Nucleus Source of genetic information (from DNA) oS 
Mitochondria Production of energy (ATP) through oxidation = 
Microsomes Synthesis of proteins (enzymes) = 
Supernatant fraction Glycolysis to (pyruvic acid and) lactic acid = 
Purine and pyrimidine metabolism (+) 


tration in the liver [44, 48, 49, 50]. The site 
of destruction of the erythrocytes is also 
influenced by quantitative factors; the same 
serum may, in small doses, cause red-cell 
sequestration in the spleen, in bigger doses 
also in the liver [50]. Increased destruction 
of red cells probably due to an immunological 
mechanism is sometimes observed, although 
none of the serological reactions is positive 
{2, 81, 85]. 

As previously mentioned different co- 
factors are often necessary if an antigen— 
antibody reaction is to be apparent in vitro. 
This may well also be the case in vivo. For 
example, deficiency of complement may 
lower the effect of complement-fixing anti- 
bodies. The function of agglutinating factors 
present in pathological [38] or normal [43] 
sera is unknown. It is possible that such fac- 
tors may increase the damaging effect of 
sensitization. Jandl et al. [48] found a higher 
rate of destruction of red cells from a patient 
with acquired haemolytic anaemia when the 
cells were injected into a patient with mul- 
tiple myeloma than when they were injected 
into a healthy individual. The authors con- 
cluded that the hyperglobulinaemia was of 
importance. The occurrence of the agglutina- 
tion in vitro of red cells coated with incom- 
plete antibodies which takes place with the 
aid of certain large molecules would thus 
perhaps have a parallel in vivo. 


Carl-Henric de Verdier:! Biochemical aspects 
of pathogenesis and diagnosis 


The evolution of the erythroblast to a 
mature red blood corpuscle is an example of 


development to a highly specialized cell, 
The morphological characteristics are the 
disappearance of nucleus, mitochondria, an( 
microsomes (Table 4). These different sub. 
cellular particles have different biochemical 
functions which will disappear at the same 
time, and this means that the matur 
erythrocyte will have a very restricted meta. 
bolic pattern. In an ordinary cell, most high- 
energy compounds such as adenosine tri- 
phosphate (ATP) are formed by oxidative 
phosphorylation when substrates such as 
pyruvate are degraded through Krebs’ 
citric-acid cycle in the mitochondria, and 
they are only to a smaller extent formed 
through glycolysis. In the erythrocyte ATP 
is formed only by glycolysis. When the 
haemoglobin synthesis is complete, the mi- 
crosomes will disappear, and the cell can no 
longer synthesize proteins, which means that 
it cannot replace consumed enzymes. This is 
important to bear in mind when discussing 
the pathogenesis of haemolytic anaemia. 

There are several different pathways 0 
intracellular metabolism, related to the 
haemolytic disorders and glycolysis wil! first 
be discussed. Breakdown of glucose follows 
two pathways. Both of these have s: veral 
names, but they will here be calle the 
Embden-Meyerhof pathway and the pentose 
phosphate shunt (Fig. 1). Normally «bout 
10% of the glucose is metabolized th: ough 
the pentose phosphate shunt [63]. A di: riva: 
tive of vitamin B,, thiamine diphosph: ‘e, is 
involved in the catabolism along this hunt 
[94]. In some of the steps an oxidatio: or 4 
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Fig. 1. A simplified scheme of glycolysis in the 
erythrocyte. Abbreviations: ATP = adenosine 
triphosphate; ADP=adenosine diphosphate; 
TPN and TPNH =triphosphpopyridine nucleo- 
tide in oxidized and reduced form; DPN and 
DPNH =diphosphopyridine nucleotide in oxidi- 
zed and reduced form; IP = inorganic phosphate; 
P = phosphate. 


reduction takes place and these steps are 
catalysed by enzymes to which co-factors, 
called pyridine nucleotides, are coupled. 
There are two kinds of pyridine nucleotides, 
abbreviated DPN and TPN. Their main 
structure is shown in Fig. 2. If they oxidize 
asubstrate, they become reduced to DPNH 
and TPNH respectively. TPN is the co- 
factor in the pentose phosphate shunt, 
whereas DPN systems are only at work in 
the Embden—Meyerhof pathway. In this 
path vay the DPNH first formed is con- 
sumed in the final transfer to lactate, so 
there is no net synthesis in the completed 
glyec'ysis reaction. 

Work done by Altman and Prankerd and 
their associates [5, 6, 69] has shown an ab- 
norn ality, probably a deficiency of a single 
1e in the glycolytic chain, in hereditary 
eytosis. Labelled inorganic phosphate 
the cells andis metabolized more slowly 
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Some redox systems 
in the erythrocyte 


Reduced 
Quidized form 


H 
7 \—cONH, CONH2 
adenine N adenine 
ribose — P — P — ribose ribose —P—-P—ribose 
P P 
TP TPNH 
adenine adenine 
ribose —P-—-P—ribose ribose -P--P--ribose 


DPN DPNH 


glutamic acid 


glutamic acid 


glutamic acid 


NH NH NH 
|2 0=C- CHCH) SH 
glycine glycine glycine 


glutathione (ox), GSSG glutathione (red), GSH 


Fig. 2. Main structure of TPN, DPN, and gluta- 
thione in reduced and oxidized form. 


there than in normal red cells. Addition of 
fluoride exaggerates the difference. This 
finding and certain other evidence would 
suggest that the deficient enzyme could be 
phosphofructokinase or enolase. 

Some few investigations have also been 
made to clarify the defect in congenital non- 
spherocytic haemolytic anemias. Probably 
here too the explanation may be inborn 
errors of metabolism, but the sites of these 
errors are probably different from the site in 
hereditary spherocytosis. 

In the red cells the TPN is mainly present 
in the reduced form, TPNH. This means that 
the content of TPN will normally determine 
the rate of degradation along the pentose 
phosphate shunt. The pyridine nucleotide 
systems are generally in equilibrium with 
other reduction—oxidation systems in the 
erythrocyte (Fig. 2), namely the glutathione 
system, which is present in high content, and 
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Fig. 3. Interaction of some oxidation—reduction systems in the erythrocyte. 


the haemoglobin—-methaemoglobin system. 
Some vital enzymes [71, 75] are active only 
in a reduced state, and it is important for 
them that the equilibrium of glutathione is 
shifted towards the reduced form (Fig. 3). If 
oxidized glutathione or methaemoglobin is 
present, it will oxidize TPNH to TPN and 
thus accelerate the reactions of the pentose 
phosphate shunt. 

Investigations have shown that about 7% 
of an American Negro population have defi- 
cient activity of the first enzyme in the pen- 
tose phosphate shunt. The enzyme is called 
glucose-6-phosphate dehydrogenase, and its 
activity is reduced to about one-quarter to 
one-tenth of the normal value [e.g. 37]. Simi- 
lar enzyme deficiency has also been found to 
a lesser extent in Caucasian populations. 
The subjects show no clinical signs except 
after taking certain drugs such as prima- 
quine, sulphanilamide, or naphthalene, or 
after eating fava beans, when they exhibit a 
haemolytic disorder, often with methae- 
moglobinaemia and Heinz bodies [6]. These 
substances are thought to inhibit the en- 
glucose-6-phosphate dehydrogenase 
23], thus blocking the pentose phosphate 
shunt and the TPNH production. The en- 


zyme defect can be discovered either by 
direct enzyme determination or by estima. 
tion of the ability of the cells to kee) 
glutathione in a reduced state after treat- 
ment with acetyl-phenyl-hydrazine, the so- 
called glutathione stability test. An Iranian 
family has also been described in which 
the members had no measurable amounts oi 
glucose-6-phosphate dehydrogenase in thei! 
red blood corpuscles [57]. These patients suf: 
fered from spontaneous episodes of haemo- 
lytic activity and increased osmotic fravility. 

Vitamin K catalyses the oxidation 0! 
TPNH to TPN, thus accelerating the pen- 
tose phosphate shunt. In this case the in- 
creased breakdown of glucose along the 
shunt is not accompanied by an inervase( 
net production of TPNH. The enzymes « f the 
shunt are present in the red blood corpuscles 
in higher concentrations in the newbor a in- 
fant than they are later. Both the in 
in TPN and the elevated concentratic is 0! 
the enzymes of the shunt contribute 1 
crease the catabolism of glucose alon.- th' 
shunt. Especially in the newborn i 
with its physiological hypoglycaemia. this 
may lead to deficiency of glucose in 
parts of the circulation. Both factors th 


"east 


TPN 
for th 
In 
not d 
of a 
choli: 
lipid 
lipid 
eryth 
and | 
woul 
tion | 
Fe 
meta 
hodie 
be de 
result 
It 
degre 
cells 
ized 
from 
chan 
ing ¢ 
This 
and 
can 
gluco 
cyte 
ions 
right 
is us 
reduc 
why 
affec 
of h: 


Stig 
thog 


dem 


rer by 
stima: 


) 


treat- 
he so- 
ranian 
which 
ints ol 
their 
ts sut- 
jaemo- 
uy 


on 


keep 


ility. 


pen- 
the 


f the 
seles 
1 In- 
east 


HAEMOLYTIC DISORDERS IN CHILDHOOD 


lack of glucose and the presence of vitamin 
K, thus tend to diminish the content of 
TPN in the red cells, which may be fatal 
for the cells and cause haemolysis [97]. 

In paroxysmal nocturnal haemoglobinuria 
(PNH) the haemolytic disorder is probably 
not due to an error in glycolysis. The findings 
of a low content of the enzyme acetyl- 
cholinesterase [7] and a low content of the 
lipid lecithin [70] would suggest an error in 
lipid metabolism. The membrane of the 
erythrocyte is said to be a mosaic of lipids 
and proteins, and a fault in the membrane 
would therefore be the most likely explana- 
tion for this haemolytic disorder. 

Few investigations have been made on the 
metabolism of the red cells coated with anti- 
bodies [1, 36, 86], and more work needs to 
be done before it is possible to interpret the 
results obtained. 

It is likely in genetic disorders that some 
degree of the enzyme deficiency exists in all 
cells of the organism, but cells with special- 
ized metabolism would probably suffer more 
from a metabolic block owing to the limited 
chances of bypassing the block or of produc- 
ing essential metabolites via other routes. 
This is the case in erythrocytes, where ATP 
and reduced substances such as TPNH 
can only be formed by the breakdown of 
glucose to lactate or pyruvate. In the erythro- 
cyte the ATP is essential for the transport of 
ions [24, 68] and thus for maintaining the 
right internal environment, and the TPNH 
is used for keeping some enzymes in their 
reduced, active state. This may explain 
why genetic disorders and other conditions 
affec:ing glycolysis produce the clinical sign 
of haemolysis. 


Stig Sjélin:' Abnormal haemoglobins, pa- 
thog ‘nesis, and diagnosis 


fr 1949 Pauling, Itano, Singer & Wells 
dem nstrated the presence of an abnormal 
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Fig. 4. Upper part: mobilities on paper electro- 

phoresis at pH 8.6 of carboxyhaemoglobins. 

Lower part: sequence of separation of haemo- 

globins in an Amberlite IRC-50 ion-exchange 

column at pH 6.2 (the diagrams are taken from 

Dacie, The Haemolytic Anaemias, Part 1, pp. 
292, 293, 1960). 


haemoglobin in sickle-cell anaemia [65]. 
This haemoglobin was called Hb-S. In 1950 
Hb-C was described, in 1951 Hb-D, and in 
1954 Hb-E. Between 1954 and 1958 nine 
new haemoglobins were found, and lettered 
from H to Q. Since then at least seven prob- 
ably new haemoglobins have been reported. 

A child who has received the normal Hb-A 
from one of his parents and an abnormal 
haemoglobin from the other represents the 
heterozygous state. This condition is referred 
to as a trait. As a rule the heterozygous state 
is clinically harmless. 

When both parents transmit the same ab- 
normal haemoglobin to the child, the condi- 
tion represents the homozygous state. The 
term “‘disease’’ is used to describe a condition 
produced by one or two haemoglobin variants 
in the absence of Hb-A. Several of these 
haemoglobin diseases are characterized by 
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clinical and haematological signs, sometimes 
severe. In some of them increased red-cell 
destruction is a typical finding. In Hb-S 
disease, or sickle-cell anaemia, the life-span 
of the red cells is considerably diminished. 
The combinations of Hb-S with thalassae- 
mia, Hb-C, or Hb-D lead to clinically sig- 
nificant excess haemolysis, although this is 
less severe than in Hb-S disease. In Hb-C 
disease the life-span of the red cells is mod- 
erately reduced. In Hb-D and Hb-E disease 
and in Hb-E/thalassaemia the red-cell survi- 
val is only slightly shortened. 

The most important diagnostic methods 
used to detect the haemoglobinopathies 
are paper, starch block, or agar gel elec- 
trophoresis, chromatographic separation, re- 
sistance to alkali, and solubility measure- 
ments. The relative mobilities of the different 
haemoglobins at pH 8.6 on paper electro- 
phoresis and on resin-column chromatogra- 
phy are seen in Fig. 4. Most, but not all ab- 
normal haemoglobins can be separated by 
electrophoresis. In several cases, however, 
other methods are needed. Thus Hb-H and 
Hb-I, which show the same relative mobility 
on paper electrophoresis, can be differenti- 
ated by chromatography. Hb-S and Hb-D on 
the other hand show the same relative mobili- 
ties on paper electrophoresis and on chroma- 
tography, and can be differentiated only by 
their different solubilities. Reduced Hb-S 
has a very low solubility, while Hb-D is 
readily soluble. 

As early as in 1950 Pauling and his col- 
laborators were able to show that the dif- 
ference between Hb-A and Hb-S lay in the 
globin part of the molecule [66]. During re- 
cent years Ingram has been able to explain 
the nature of the differences between some 
haemoglobins [46]. The only difference found 
between Hb-A and Hb-S was that one amino 
acid out of 300 forming the two polypeptide 
chains of a half molecule was substituted. 
One of the normal glutamic acid residues 
was replaced by valine. In Hb-C the same 
glutamic acid was also replaced, but this 
time by the amino acid lysine. And similar 
abnormalities have been demonstrated in 
some other haemoglobins. It is interesting 
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to note that such very minute mol *ular 
changes can result in marked physico-c ieni. 
cal differences and sometimes in seve 
ease. 

It seems now also clear that these c:iemi- 
cal alterations in the haemoglobin mo .ecule 
are caused by mutation of one of two h:emo. 
globin genes. The chemical nature of e« ch of 
these genes is thought to determine the 
amino acid sequence of the correspo:ding 
polypeptide chain. It is now a generaliy ac. 
cepted view that the anaemia of the haemo. 
globinopathies can arise in one of two ways. 
In Hb-S disease the basic cause seems io be 
an increased rate of haemolysis linked 
directly to the presence of sickled cells in the 
peripheral blood, and thus to the molecular 
abnormality of the haemoglobin. In the 
other haemoglobinopathies, which are as. 
sociated with a diminished life-span of the 
red cells, there is no evidence of a <lirect 
connexion between the molecular abnor. 
mality and the diminished red-cell survival. 
Undoubtedly, however, an intracorpuscular 
defect is to blame. In several haemoglobino- 
pathies a slight retardation in the maximum 
rate of haemoglobin synthesis contributes to 
the anaemia. 

Finally, I would like to stress that we may 
expect to find abnormal haemoglobins in 
patients from all over the world, not only 
among Negroes and in the Far East. Thus in 
Norfolk three members of a “‘pure’”’ English 
family were found to be heterozygous car- 
riers of a new haemoglobin not yet com- 
pletely characterized [3]. At our department 
of paediatrics we have diagnosed Hb-H 
disease in two brothers [41]. And Wallenius 
& Héglund have since found haemog'!obin 
H in an adult from Uppsala, who is not rela- 
ted to the two boys [90]. In Umea Herg- 
strom & Jacobsson [8] have described se eral 
cases of an inherited non-haemolytic anae- 
mia associated with an abnormal haem glo- 
bin, as yet not identified. From Gothen’ urg. 
Hansen and collaborators [40] have rep: rted 
a family with hereditary cyanosis prol ably 
caused by the presence of an abno ‘mal 
haemoglobin very similar to Hb-M o: the 
Boston type. 
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lars Carby:! Determination of red-cell de- 
struction 


Previous speakers have discussed several 


lifferent processes and disease states in the 
human organism that may prove deleterious 
to the red cells. These cells may suffer in that 
their ability to carry oxygen and carbon 
dioxide becomes impaired, but above all 
they may suffer in such a way that they die 
and disappear from the circulation before 
their normal life-span is ended. 

No matter what the mechanism of the pre- 
mature destruction of red cells may be, their 
mean life-span will be shortened. The effect 
of this upon the number of circulating cells 
will depend on how the organism can adapt 
itself to the new situation. The relation be- 
tween the characteristics of practical interest 


18 


N 
D== 
x 


where D is the rate of red-cell destruction, 
Nis the number of circulating red cells, and 
T is their mean life-span. If the mean cell 
life-span is shortened, the number of circulat- 
ing red cells would diminish unless the bone 
marrow could increase its production of red 
cells. In cases of chronic haemolytic anaemia 
the production has been shown to be in- 
creased by a factor of 6—7, and in anaemias of 
shorter duration by a factor of 2-3 [16, 31]. 
When the maximum production capacity of 
the bone marrow has been reached, the 
degree of anaemia is a direct measure of the 
severity of the haemolytic process. 

In what follows, I shall try to comment 
shortly on some methods in use for assessing 
the degree of red-cell destruction. 

First, a few words about the measurement 
of the behaviour of labelled red cells. There 
are two different types of labelling of the 
patier ts’ own cells. In the first procedure, 
ted ec'ls are labelled during their formation, 
that s, a uniform age group of cells is la- 
bellec for instance with the help of radioac- 
tive i: An example of the use of this meth- 
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od is illustrated by a case of chronic refrac- 
tory anaemia published by Garby, Sjélin & 
Vahlquist [30]. This patient had a chronic 
refractory hypochromic anaemia with a nor- 
mal chromium-survival curve, indicating 
that the great majority of the circulating red 
cells had a normal life-span. Since there was 
an anaemia with about 7 g¢% of peripheral 
haemoglobin, the rate of production of nor- 
mal cells was reduced to about half its nor- 
mal value. However, the facts that the bone 
marrow was hyperplastic and the rate of 
disappearance of the plasma iron was greatly 
increased indicated that the production of 
haemoglobin was normal or raised. The in- 
corporation of iron into circulating red cells 
was slow, and reached a plateau at a value 
far below the normal range. These facts are 
probably best interpreted as reflecting the 
production of cells with very short survival, 
probably due to some intrinsic defect. 

The second, more commonly used proce- 
dure of tracing the fate of labelled red cells 
involves labelling of peripheral red cells, that 
is, the circulating cell population is uniformly 
labelled with respect to the age of the cells. 
The mean life-span is obtained by drawing 
the tangent to the disappearance curve at 
zero time [59]. This tangent cuts the time 
axis at the mean cell life-span. In practice, 
red cells are labelled with radioactive chro- 
mium or with di-iso-propyl-fluoro-phospho- 
nate (DFP) which is labelled in the phospho- 
rus atom. In the case of the chromium meth- 
od, there is a complication in that the chro- 
mium disappears from the circulation not 
only because of red-cell death but also due to 
elution of the chromium from the red cells. 
The chromium disappearance graph in a nor- 
mal individual is therefore curved and not 
a straight line. As a measure of the chromium 
disappearance, that is, of the degree of 
haemolysis, the time taken to reach half the 
initial value is usually given. In normal in- 
dividuals, this time is between 22 and 32 
days [29], corresponding to a red-cell life- 
span of between 80 and 190 days. This 
means that the red-cell destruction must be 
about doubled if it is to be detected by the 
chromium method. An observation period of 
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Fig. 5. Red-cell survival measured with DFP? 
in a ease of pancytopenia. Mean cell life span 
about 47 days. 
about 4 weeks is necessary in order to 
achieve this precision. Di-iso-propyl-fluoro- 
phosphonate (DFP) is an organic phospho- 
rus compound that binds irreversibly to 
certain proteins in the red cell [14]. It is not 
eluted in vivo, and gives straight lines in nor- 
mal individuals with a red-cell life-span of 
120 days. In our laboratory, this method 
has been used with the same precision as the 
chromium method with only about 2 weeks 
of observation. An example is shown in 
Fig. 5. This patient had had a pancytopenia 
for about 6 months, and the disappearance 
curve shows a relative rate of destruction of 
about 3 times the normal. The fact that there 
was anaemia with a haematocrit reading of 
about 20 implies that the absolute destruc- 
tion rate was only about 1.5 times the nor- 
mal, and that the capacity of the bone mar- 

row to produce red cells was diminished. 

It is a well established fact that the haem 
part of the haemoglobin molecule is not 
reutilized for new synthesis of haemoglobin. 
It is excreted in the form of urobilin and 
urobilinogen, and perhaps also in the form 
of dipyrrols [32, 33, 79]. It might therefore 
be expected that the excretion rate of such 
products could be used as an index of red- 
cell destruction. However, determinations of 
the urobilinogen excretion in normal sub- 
jects generally give values that are lower than 
the expected ones, and there are several dif- 


in. 


ferent sources of error complicating { 


terpretation. The excretion should ; refer. 
ably be related to the total haemo ‘lobiy 
mass. Values well above the upper li: iit of, 
say, 35 mg per 100 g of circulating bh iemo. 
globin can be taken as good evidence of in. 
creased red-cell destruction. 

Another catabolic product of hae: has 
received attention during recent yexs. Ii 
appears that normal man excretes smal! 


amounts of carbon monoxide through the 
lungs [83], and that this compound is forme; 
when one of the methene bridges of haen 
is broken. If the excretion rate of carbon 
monoxide is increased, the alveolar carbon- 
monoxide concentration ought to rise. In 
fact, a rather good correlation has _ bee; 
demonstrated between the alveolar carbon: 
monoxide concentration and the degree oj 
haemolysis as measured by the chromium 
method [26]. If this measurement can be put 
on a safe physiological basis, it will have dei. 
inite advantages over methods that involv 
labelled cells, since it can be repeated, ani 
only requires an observation time of @ 
couple of hours. 

It has been shown that under 
conditions only a very small proportion 0i 
red cells die intravascularly. In some hae- 
molytie disorders there are reasons fo 
believing that the number of red cells whic 
die intravascularly is much larger. When 
free haemoglobin enters the circulation, t 
will form a complex with normally occur- 
ring plasma proteins called haptoglobins. Thi 
haemoglobin-haptoglobin complex is rap: 
idly cleared from the plasma, presuma}ly 
way of the reticuloendothelial system in thi 
liver, spleen, and bone marrow. The liapto- 
globin concentration in the plasma is lowe! 
the greater the rate of intravascular destruc 
tion. When the apparent half life is les- than 
17 days, using the Cr! method, the ‘apto: 
globin concentration is virtually nil [64 . The 
large variation in haptoglobin leve's be- 
tween normal individuals, that is be wee! 
some 30 and 180 mg %, limits the ilnes 
of the method. 

An indication of the degree of haer 
can also be obtained from measurem« 
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the red-eell production if the idividual is in 
aste:dy state, that is, if the haematocrit 
readings are reasonably constant. The num- 
ber of circulating reticulocytes has also been 
used for this purpose. Provided that the 
life-span of the circulating reticulocyte is 
constant, the number of circulating reticulo- 
eytes should be a good measure of the rate 
of red-cell production. Little is known about 
the life-span of the circulating reticulocyte 
under pathological conditions. Furthermore, 
the error of reticulocyte counts is usually 
rather large, so that in practice reticulocyte 
counts of at least 3-4 times the normal mean 
value must be required to establish with 
certainty that the rate of production is in- 
creased. Repeated counts by technicians not 
knowing the previous values should help the 
situation considerably. Reticulocyte counts 
should preferably be given in absolute num- 
bers and not relative to the number of cir- 
culating red cells, since relative numbers 
may be misleading in cases of anaemia. 


Andreas Killander:' Therapy 


The therapeutic approach to the haemo- 
lytic anaemias is mostly empirical, and is 
only to a small extent based on results ob- 
with the specialized and_ refined 
diagnostic methods that are available. 
Regardless of the aetiology of the haemolytic 
disorder, one or more of the three main 
methods of treatment has to be employed. 
These methods comprise blood transfusions, 
cortisone or ACTH treatment, and splenec- 
tomy. 

Bisod transfusions may be life-saving in 
nts with rapid blood destruction and 
» anaemia. Sometimes the presence of 
ntibodies makes the matching of blood 
ult. The patient’s blood should there- 
be genotyped before the first transfu- 
and the specificity of his antibodies 
nined if possible. Except for emergen- 
blood transfusions should be restricted 
tients for whom no other treatment is 
ile. The aim should be not to achieve a 
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haemoglobin level as close as possible to 
normal, but to keep the patient at the lowest 
haemoglobin concentration that he can tole- 
rate without suffering. This level varies with 
different patients and different ages. A 
haemoglobin level of about 7% seems to be 
sufficient in most children. Vigorous trans- 
fusion therapy depresses the activity of the 
bone marrow, and increases the risk of sub- 
sequent transfusion reactions due to isoim- 
munization, and in the long run also of 
haemosiderosis and haemochromatosis. For 
the same reason iron therapy should be 
refrained from unless there is evidence of 
iron deficiency. This is very rarely the case 
in haemolytic anaemia. 

In newborn infants with congenital haemo- 
lytic anaemia the accumulation of bilirubin 
sometimes becomes so excessive as to require 
exchange transfusion. The indication for 
this procedure depends much more on the 
degree of hyperbilirubinaemia than on the 
haemoglobin level. 

The beneficial effect of cortisone and its 
derivatives and of ACTH in a number of 
blood diseases is now well recognized, but 
the mode of action of these hormones has 
not yet been clarified. It is beyond the scope 
of this paper to try to evaluate the evidence 
for and against the different explanations 
which have been put forward. Let it suffice 
to say that there is some evidence that corti- 
sone may suppress the production of anti- 
bodies. No effect has been demonstrated on 
the circulating antibodies. The initial doses 
should be high, and equivalent to 300-400 
mg of cortisone in the adult. This corre- 
sponds to 60-80 mg of prednisone, which is at 
present the most widely used preparation. 
Treatment should be continued until the 
rate of haemolysis decreases, then 
gradually reduced to the smallest amourt 
necessary to keep the illness under control. 
If there is no effect within two weeks, it is 
improbable that the drug will work later on. 
It is uncertain whether ACTH may be help- 
ful when cortisone fails. 

The spleen is generally considered to be 
important in two ways. It is one of the sour- 
ces of antibodies, and it removes damaged, 
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spherocytic, and sensitized red cells from the 
circulation. The latter function is by far the 
most important in haemolytic anaemia. Fol- 
lowing splenectomy in patients with auto- 
immune haemolytic anaemia little or no 
changes in the serological findings take place 
as a rule. In almost all patients splenectomy 
results in some lowering of the rate of hae- 
molysis. If, however, the rate of haemolysis 
before the operation greatly exceeds the 
patient’s powers of compensation, a small 
improvement in the red-cell life-span fol- 
lowing splenectomy may be of little clinical 
benefit. On the other hand, if equilibrium 
between destruction and formation can be 
achieved or nearly achieved, removal of the 
spleen may lead to significant improvement. 
It is difficult or impossible to predict the 
result of splenectomy in such cases. Surface 
counting of radioactive chromium over the 
spleen and liver may provide a useful guide 
[20]. High radioactivity over the spleen 
compared with the liver indicates preferen- 
tial destruction of the red cells in the spleen. 
This finding is usually associated with a 
favourable result of a subsequent splenec- 
tomy. A low relative splenic radioactivity 
has been found in many patients who subse- 
quently failed to respond to splenectomy. 
However, there is not as yet enough infor- 
mation available to warrant the conclusion 
that all patients with a low relative accumu- 
lation of radioactivity in the spleen fail to 
respond to splenectomy. 

In haemolytic anaemia secondary to 
other disease, splenectomy may be of value 
in selected cases. The risk of post-operative 
complications in this group is high, and the 
effect is often of doubtful value. 

This leads us to consider other possible 
contraindications to splenectomy. It is 
known that agenesis of the spleen may be 
associated with increased susceptibility to 
infection [47]. In 1952 King & Schumacker 
[52] reported the occurrence of fatal infec- 
tions in all of five infants who had undergone 
splenectomy at less than 6 months of age. 
Since then reports from other clinics have 
lent support to their observation [34, 83]. 
Contradictory results, however, have also 
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been reported [54, 58]. In a recent well. 
documented paper, Robinson & Stu geon 
[72] report their experience of 110 sp) nec. 
tomized children followed up for a m-dian 
period of 6 years. They divided their -eries 
into two groups. The first comprise] 63 
patients considered not to be predis)osed 
to infections. One infant, 4 months oid at 
the time of splenectomy, developed me:ingi- 
tis from which he recovered. The second 
group included patients with a variety of 
underlying disorders which were thought to 
predispose to infection. In this group of 47 
patients, 12 developed severe infections 
after operation. From these results, and 
from findings recently reported by other 
workers, it is evident that splenectomy car. 
ries a very low risk of post-operative infec. 
tion when carried out over the age of fi 
months for the generally accepted indica. 
tions of traumatic rupture of the spleen. 
hereditary spherocytosis, and_ idiopathic 
thrombocytopenic purpura. Since the pos. 
sibility cannot be entirely excluded _ that 
splenectomy in early life may carry a small 
hazard, it seems reasonable to postpone the 
operation until at least beyond the limit of 
6 or possibly 12 months. 

In 1955 Dameshek published the observa- 
tion of exacerbation of lupus erythematosus 
following splenectomy for idiopathic throm- 
bocytopenic purpura and auto-immune hae- 
molytic anaemia [21]. This report evoked a 
most controversial discussion, which is still 
going on. It appears that most workers in 
this field do not share Dameshek’s view in 
this respect. And in fact it has been reported 
that haemolytic anaemia in overt !rpus 
erythematosus has responded favourably t 
splenectomy [74]. 

Looking at the impressive list of diff:rent 
haemolytic disorders, it is obvious th: t n 
effective therapy is available for mot 0! 
them. I should like therefore to restric m) 
comment to a few of these states. The ha:-mo- 
lytic anaemia associated with virus - ifec: 
tions, for example, primary atypical j net: 
monia and mononucleosis, may be s¢ vere. 
but it is always a self-limited disease. ‘T ‘ans- 
fusions may be used to tide the patient ove! 
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the dangerous period. Prednisone has been 
used with good results, and without any 
apparent aggravation of the virus infection. 

The most rewarding results of splenectomy 
are obtained in hereditary spherocytosis. 
The results are so consistently favourable 
that a therapeutic failure indicates either 
that the initial diagnosis was wrong or that 
accessory spleens are present. It is difficult 
tomake a specific recommendation concern- 
ing the best time to perform splenectomy. 
Jaundice, the presence of gallstones, and 
anaemia requiring regular transfusions may 
be considered absolute indications at any 
age. Unless the patient’s illness is com- 
pletely compensated and the patient quite 
symptom-free, it would seem wise to remove 
the spleen before the age of 7—9 years, after 
which the incidence of gallstones has been 
reported to increase rapidly. In congenital 
non-spherocytic haemolytic anaemia corti- 
costeroids are without effect. Some cases 
will derive benefit from splenectomy. 

In thalassaemia major splenectomy has 
heen reported to lessen the transfusion re- 
quirement in selected cases. Patients with 
sickle-cell anaemia as a rule seem to derive 
little benefit from splenectomy. 

Auto-immune haemolytic anaemia poses 
the most difficult problems with regard to 
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therapy. The aim of treatment in this state 
is to keep the patient alive until a temporary 
or lasting remission occurs. It has been shown 
in large series collected by, for example, 
Dacie and associates in London [11], and 
Dausset’s group in Paris [22], that the cure 
rate is about 50%. 

Unfortunately, it is impossible to predict 
which patients are going to recover. The 
therapeutic approach consists of initial 
treatment with high doses of prednisone or 
ACTH. If the patient fails to respond, or if 
there are complications or contraindications 
to this therapy, splenectomy should be con- 
sidered. As mentioned before, investigation 
of the accumulation of radioactive chro- 
mium in the spleen and liver is desirable but 
is not of crucial importance for determinating 
whether splenectomy should be performed. 
If splenectomy is unsuccessful, prednisone or 
ACTH may be tried again. If they fail once 
more, which is probable, the patient is in a 
sad situation. There remain only blood trans- 
fusions, which at this stage are frequently 
complicated by reactions. These may be 
diminished by using washed red-cell con- 
centrate instead of whole blood. Although 
the prognosis for these patients is poor, it is 
not without hope. There is always the chance 
that the disease will die before the patient. 
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SUMMARY OF SUPPLEMENTS 


The purpose of the present study is to 
examine the prognostic value of pneumo- 
encephalography (P.E.G.) in a number of 
childhood disorders causing either real or 
apparent dilatation of the ventricular 
system. The value of certain measuring 
methods is examined and the reliability of 
one such method is ascertained. 

A survey of the literature on P.E.G. is 
made, and this is divided into four parts. 
The first reviews its development with 
special reference to experimental examina- 
tions, results and complications in adults. 
In the second part reports concerning 
paediatric examinations are mentioned, 
and in the third the development of P.E.G. 
in Denmark is briefly reviewed. The pic- 
ture revealed is that of a tendency for in- 
terest to fluctuate over the 40 years. At 
the beginning excessive enthusiasm was 
resisted strongly. In the next ten years 
there was little critical evaluation of the 
examination but this was followed by in- 
‘rea ing interest in factors influencing 
com slications. In the last ten years the 


se of air insufflation has increased, in 
othe fields as well as in tumour diagnosis 
and here has been a more critical evalua- 
tion of the results obtained. In the fourth 


Pneumoencephalogvraphy in Atrophic Brain Lesions in 
praphy p 


Infancy and Childhood 


by J. C. MELCHIOR 


(Supplement 127) 


section the different measurements which 
are used to evaluate the degree of dilata- 
tion of the ventricular system are discus- 
sed. These methods are divided into plani- 
metric and linear measurements and are 
given as exact or relative values. The 
P.E.G. measurements in suitable cases can 
be compared with autopsy material. The 
most frequently used figures are Evans’ 
ratio and Schiersmann’s index and these 
are discussed in detail, and it is emphasised 
that the use of relative values are of parti- 
cular importance in childhood where the 
exact figures vary very much. 

The and abbreviations 
used in the text are discussed. The present 


terminology 


material is made up of 271 children (171 
boys and 100 girls). To be included in the 
material the following criteria had to be 
fulfilled: 


(i) All patients were under fiteen years 
of age at the time of examination in 
the Neurosurgical Department. 

(ii) Tumours and acute infections of the 
C.N.S. were excluded. 

(iii) P.E.G. was performed either in the 
Department or im- 
mediately before admission. 


Neurosurgical 


(iv) At least one lateral ventricle on P.E.G. 
was greater than a quarter of the 
distance from the ventricular system’s 
midline to the internal cranial wall 
(a ratio of 0.25 or more). 

Admission was before July 1955 and 
the 


period was a year. 


(Vv 


therefore shortest observation 


At the time of admission 74 children 
were less than a year old and 126 less than 
two years. The symptoms fell mainly into 
three groups: (a) Motor handicap, (b) 
Mental retardation and (c) Convulsions. 
In 158 patients the disease was recognised 
before the age of one year. As far as aetiolo- 
gical factors are concerned, familial pre- 
disposition accounts for 10%, prenatal 
damage for 15%, perinatal damage for 
40 % and postnatal factors for approxima- 
tely 40%. About 40 % of the cases suggest 
multiple aetiology. 

The evaluation of P.E.G. is only at- 
tempted when there is adequate filling 
of the ventricular system. The internal 
cranial width and the greatest width 
of the anterior horns are measured and 
from this Evans’ ratio is calculated. The 
same measurement is performed on each 
side and a ratio obtained for the right 
and left side. At the same time informa- 
tion on possible displacement of the ven- 
tricular system’s midline is obtained. The 
width of the third ventricle is measured 
and the amount of cortical air assessed but 
no exact measurement is made. Finally, 
findings of special significance are reported. 

As as result of these measurements the 
material is divided into five major types of 
ventricular dilatation: 


(a) Bilateral dilatation with equal ratios 
without displacement. 
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(b) Bilateral dilatation with equal 1 itios 
with at least 5 mm displacement 


(c) Bilateral dilatation with different itios 


on each side but without displace? vent. 


(d) Bilateral dilatation with differen: ra- 


~— 


tios on each side with displacenient 
The difference in ratio has to be more 


than 0.05 before being consi<ered 
significant. 
(e) This group is made up of few patients 


and consists of those with only on 
lateral ventricle ratio of 0.25 or more 


More than 50 % are in the first group where 
the dilatation is almost symmetrical. 

The left lateral ventricle is more fre. 
quently dilated than the right. The third 
ventricle varies in size from 2-26 mm. 

A febrile episode of a few days’ duration 
is present in approximately 70% of the 
children after insufflation. More serious 
complication such as latent or manifest 
shock, marked neck and back stiffness etc 
are present in only a few. Two deaths oc: 
curred within twenty-four hours of insuf- 
flation. Both children had relatively larg: 
third ventricles but only moderate dilata- 
tion of the lateral ventricles. The mortalit\ 
rate is low especially when one considers 
the number of children included in the 
material who are already very ill at the 
time of the examination (58 of the 27! 
patients had died at the time of fo'lov- 
up). 

Finally, mention is made of the «kul 
X-rays and electroencephalography. 

The follow-up examination includ: all 
271 patients, and most of them were per: 
sonally examined by the author. Th ° pa 
tient’s condition is assessed from tw? 
standpoints: (1) Evaluation of th: pa 
tient’s condition at the time of follo -up 
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ie. whether he is healthy, has symptoms, 
or whether he is under institutional care 
or dead and (2) An evaluation based on the 
changes which have taken place in the pa- 
tients condition between the time of ad- 
mission and the time of follow-up. In this 
latter category the findings are classified 
as improved, unchanged or worse. 

Independent of the method of evalua- 
tion, it is shown that as far as the degree 
of dilatation of the ventricular system is 
concerned, the results as expressed in terms 
of ratio are the same. The smaller the 
ratio is, the better the prognosis. In the 
group with a ratio under 0.30 approxima- 
tely 80% have done well, and in the group 
with a ratio of 0.50 or more, more than 
80%, are under care or have died. 

It is shown that it makes little dif- 
ference whether Evans’ ratio or Schiers- 
mann’s index is used but the former meth- 
od is supericr in cases of displacement of 
the ventricular system or unequal ratio. 

Unilateral dilatations have a_ better 
prognosis than other types. 

If the ratios are unequal the prognosis is 
dependent on the ratio difference and the 
total degree of dilatation. 

The presence of cortical air in great 
amounts has serious prognostic implica- 
tions, but is better if the air is frontally 
placed compared to any other position. 
Bilateral changes have the worst progno- 
sis, and this is also the case in children 
belo'v one year of age, so that one cannot 
conider changes in this age group as 


mer ly accidental. 
Tie width of the third ventricle is of 
defi ite prognostic value. Only a few 


pat nts with a third ventricle width of 
mo: than 8 mm have done well. With this 


me: urement one uses exact figures and 
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these are related to age and craniai dia- 
meter. Almost all patients who have done 
well have third ventricles below 6 mm in 
diameter and cranial diameters greater 
than or corresponding to their age. 

The period of observation has no bear- 
ing on the follow-up results. 

The age at the time of examination 
shows a fairly uniform distribution of dif- 
ferent types of P.E.G. The only specific 
finding on the older age groups is that 
there are not such severe degrees of dilata- 
tion. The age at the time of recognition of 
the disease seems to have a definite bearing 
on the prognosis. The later the disease is 
recognised, the better is the prognosis. 

As might be expected, there is no de- 
finite relationship between symptoms and 
P.E.G. findings. In cases of mental re- 
tardation there is a correlation between 
the lower I.Q.’s and severe dilatation of the 
ventricular system. 

The symptoms as well as their time of 
recognition are related to the follow-up 
results, and it is seen that the disorders 
which are recognised late, regardless of 
their character, have a better prognosis 
than those recognised earlier, with a defi- 
nite dividing line at two years of age. 
This corresponds to the absence of high 
ratios in the older age groups. 

The different aetiological factors are re- 
lated to P.E.G. findings and to the follow- 
up examination. It is shown that patients 
with a familial predisposition have a 
somewhat worse prognosis than one would 
have expected from their ratios. The most 
severe changes and the poorest prognoses 
are linked with perinatal changes, whereas 
patients with postnatal damage frequently 
do well and often show asymmetrical and 
possibly unilateral dilatation. 
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Changes found on X-ray examination 
of the skulle have no particular prognostic 
value. This is applicable to increased digi- 
tal markings and deep posterior fossae. 
Changes in shape, however, often indicate 
a poor prognosis. This is true when the 
relationship between head circumference 
and prognosis is examined, but microce- 
phaly is of much more serious prognostic 
value than macrocephaly. 

E.E.G. shows the relationship between 
focal changes and non-symmetrical ven- 
tricular dilatation, but there is no parti- 
cular relationship between cortical air 
findings and E.E.G. An abnormal E.E.G. 
under one year of age is a bad sign, whereas 
a normal E.E.G. in the same age group is 
not necessarily a good sign. Severely dila- 
ted third ventricles are most often associa- 
ted with abnormal E.E.G.’s but not with a 
specific type. 

Sixty-three patients have had more than 
one P.E.G. examination. This is considered 
an important method of evaluating the 
use of ratios. It is shown that there is a 
close correlation the different 
P.E.G.’s. If the examinations are carried 
out within a short period of time there is 
almost no difference in the ratios obtained. 


between 


If several years have elapsed the ratio is 
frequently the same even if there have been 
great changes in cranial diameter. In a 
number of cases the ratio has increased 
over the years, and this corresponds to a 
clinical deterioration. In no case is deterio- 
ration related to a diminishing dilatation. 
P.E.G.’s performed in other departments 


show the same close correlation and this 
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means that by using relative figure the 
ratio becomes independent of tec! nical 
factors, e.g. distance from the X-ra > ap. 
paratus etc., whereas if exact figures are 
quoted, it is essential to have de‘ ailed 
information concerning such factors. 

Operations performed and the results 
thereof are mentioned briefly. Good results 
are obtained in cases of removal of me. 
ningo-cerebral scars. Congenital malfor. 
mations of various kinds and more severe 
perinatal damage do not show the same 
good results. Nevertheless, some patients 
have had cysts removed and have shown 
impzovement. 

The pathological findings are discussed. 
The fact that cortical biopsies are often 
too small for detailed histological examina- 
tion has in no case led one to suspect a 
more serious disorder which is not con- 
firmed later. The material obtained at 
operation confirms the cortical and sub- 
cortical findings but reveals little about 
the ventricular system. 

The patients who have died are reported 
and it is shown that the direct causes of 
death are frequently febrile disorders, 
pneumonia or bronchitis or, in a great 
many cases, unknown but possibly cerebral 
hyperpyrexia. In this connection attention 
is drawn to the possibility of anxiety 
reactions precipitating ‘‘Voodoo dea‘hs.” 

Autopsies have been carried out on 22 
of the 58 patients who died, and _ ‘hese 
are discussed in detail. A close corre] tion 
is found between autopsy findings and 
P.E.G.’s. 
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During the years 1956-1959 inclusive 
1 children under 2 years of age were 
referred to hospital for investigation for 
congenital heart disease. In 31 cases, cli- 
nical and radiographic examination revea- 
led normal conditions; in 13 cases, con- 
tinued clinical observation was indicated. 
Congenital heart disease was revealed in 
157. Of these, 59 were not subjected to 
cardiac catheterisation, either because they 
were in a very poor condition and died 
before the examination could be accom- 


Since 1950 the author has examined the 
‘oints of all newborn, i.e. 12,394 
children, at the obstetric clinic of the 


hip 


(ent: 1 Hospital in Falképing, using the 
abdu tion manoeuvre described by Orto- 
lani, “hich from 1956 onwards has been 
‘omy -mented with a subluxation provo- 
‘atio . Up to and including 1960, 70 cases 
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Congenital Heart Disease in Children under Two Years of Age 


A Diagnostic Survey with Special Reference to Cardiac Catheterisation 
and Cine-Angtocardiography Used in a Series of Consecutive Cases 


by H. GOTSCHE, 0. MORTENSEN and E. MOSEKILDE 


(Supplement 128) 


plished, or because their condition was so 
good that catheterisation, with advantage, 
could be postponed until the age of 3-4 
years. Catheterisation was performed in 
98, including 44 who were also subjected 
to angiocardiography. Of these 98 cases, 
80 were fully clarified; the principal ano- 
maly was disclosed in nine; the diagnosis 
was uncertain in seven (including three in 
whom catheterisation was unsuccessful); 
erroneous diagnoses were made in two. 
Death occurred in one case. 


Preluxation of the Hip Joint. Diagnosis and Treatment in 
the Newborn and the Diagnosis of Congenital Dislocation of the Hip 
Joint in Sweden during the Years 1948-1960 

by KURT PALMEN 


(Supplement 129) 


with positive symptoms were diagnosed in 
this way. These were treated immediately 
with fixation in an abduction position on 
a wooden board. The method of examina- 
tion and the treatment are described. 

At a re-examination in 1961, out of 39 
cases who were at least 3 years old, 34 
(87.2%) showed clinically and roentgeno- 
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logically normal joints. In the remaining 
5 cases the continued development of the 
joint will probably be normal in a further 
2. The percentage of normal hips will then 
be 92.3 %. One case had dysplastic changes 
to a somewhat greater degree, and two 
showed results of capital necrosis. Their 
future development is at present uncertain. 

The cases thus diagnosed are regarded 
as representing a stage of preluxation in 
the newborn. Left untreated, a number of 
these cases may heal spontaneously, and 
others may give rise to subluxation or 
luxation during the first to second year 
of life, in milder cases not until later in 
childhood, or adult years in the form of 
arthrosis deformans (osteoarthritis). 

A critical study is made of the roentgen 
examination of the newborn, and in par- 
ticular its sources of error. This examina- 
tion revealed nothing in cases of preluxa- 
tion in addition to that which could be 
established clinically. Roentgen examina- 
tion of these cases before the commence- 
ment of treatment is therefore considered 
unnecessary. 

An examination of a normal material of 
newborn was made in respect to the pos- 
sible degree of abduction in the hip joints 
and the symmetry of the skin fold on the 
medial side of the thigh. All had an abduc- 
tion of at least 70°. Only 39.6 % had sym- 
metrical thigh folds. 27.6% had no folds 
at all, these being mainly children with a 
low birth weight. Asymmetry of the skin 
folds thus does not appear to be a symp- 
tom of value in the diagnosis. 

Most cases of preluxation have normal 
abduction, and have increased 
flaccidity of the joint. 

At the suggestion of the author the 


many 


examination of the hip joints was in- 
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troduced in January 1953 into the r ‘tine 


examination of all newborn childr n at 
the majority of obstetric clinics h iving 
pediatric consultants. Up to and inc! 
415,500 


consti? 


ding 


1960 approximately nev born 


children examined, ting 
49.5 % of all children born alive in 8: 
during this period. During 1959 anc 


approximately 67% were examined 


were 
eden 
1960) 
This 
material was analyzed. Altogether 894 


cases of were diagnosed 
(=2.2%,). During the later years this 
frequency was about 3%,. In those clinics 
which also used the subluxation provoca. 
tion method in the examination during 
the later years, the frequency was about 
5-6 %. No obvious geographical differ. 
ences in the frequency within Sweden was 


preluxation 


found in this material. 

In order to study how the diagnoses 
made at the obstetric clinics have affected 
the frequency of luxation during later 
childhood, and thereby the usefulness oi 
this diagnosis, all cases of luxation of the 
hip joint in children treated at the ortho- 
pedic clinics in Sweden during the year 
1948-1960, 1486 cases altogether. wer 
recorded. (In Sweden practically all cases 
of luxation are treated at orthopedic 
clinics.) The ages of the children at the 
time the diagnosis was made, ani the 
reasons leading to the examination of the 
hip joints, are given. 

During the later years an increa~ingl\ 
large number of newborn children wer 
transferred to the orthopedic clinic:. bu' 
in spite of this there was no mark: it 
crease in the number of cases treat: (| al: 
nually at these clinics. 

Approximately 62% of the prelu: atic! 
cases were treated at the pediatric ¢ ini 
the majority as out-patients. 
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Of the cases of luxation admitted to 
orthopedic clinics during the years 1948- 
1950, none had been diagnosed when new- 
born, and 85% were not diagnosed until 
after the age of 1 year. Ninety-seven per 
cent underwent the customary prolonged 
treatment with plaster. 

Of the 229 cases treated during the 
years 1959-1960, 69% were diagnosed at 
obstetric clinics, and only 23% after the 
age of 1 year. It was possible for 58% 
to be treated as out-patients, with a simple 
method of fixation in an abduction position 
fora period, in the majority of cases, of 
only a few months. Thirty-nine per cent 
were treated with plaster. 

The material from the orthopedic clinics 
was compared with that from the ob- 
stetric clinics, and in the cases of luxation 
from the orthopedic clinics, inquiry was 
made as to the obstetric clinic at which 
the child was born. It was thereby found 
that during the years 1953-1960, 114 
children were admitted, who were not 
diagnosed as preluxations when newborn, 
but who were born at those clinics where 
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the hip joints were examined as routine. 
Ten cases had been transferred to a pe- 
diatric clinic because of prematurity, as- 
phyxia or malformations, and had possibly 
therefore had no hip joint examination 
immediately. It was not possible to veri- 
fy with certainty whether all of the other 
cases had been examined when newborn. 

An obvious tendency was observed in 
the number of cases of later manifested 
luxation which was not discovered in the 
neo-natal period, to decrease with the 
years, when the interest and experience of 
the examiners had extended. 

The material from those clinics which 
have shown especial interest and have 
considerable experience, reveals that at 
least 90% of those dislocations which 
may be expected to occur during later 
childhood years, can be diagnosed as 
preluxations during the first week of life. 
In this way they are also available for 
immediate treatment with simple fixation 
in the abduction position, and in probably 
at least 90 % the subsequent development 
of the joint is completely normal. 
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paper, name of journal abbreviated in accordance with the style of Index Medicus (New Serivs), 
followed by the volume number, page number and year. References to books and monographs 
should also indicate the publisher. place and year of publication and, if necessary, the edition. 


1. Brock, J.: Biologische Daten fiir den Kinderarzt, vol. 2, p. 330. Springer-Verlag, Berlin, 1!'5 
2. STEVENSON, 8. S.: Possible ariboflavinosis in a premature infant. Yale J Biol Med, 14: 4 
1943. 

Illustrations marked with the author’s name and tables accompanying manuscripts shoul: be 
numbered, provided with suitable short legends, and so arranged that they are comprehens:ble 
without reference to the text. Oversized original illustrations should be photographed and a print 
on glossy paper submitted. Photographs and drawings are returned after publication if reques‘ed. 
Tables and figures exceeding three pages in original papers and two pages in case reports : 
printed at the author’s expense. 

One galley proof will be sent to the principal author by the printer. It should be returned to t 
Editor together with the manuscript within three days, and by air mail if received by air n 
Overseas contributors will receive the galley proof only, the manuscript being sent to the Ed 
Manuscripts, books for review and correspondence relating to the editorial management sh 

be sent to Prof. Arvid Wallgren, Karolinska Sjukhusets Barnklinik, Stockholm 60, Sweden. 
Reprints of articles published must be ordered, by separate application, from Almgvist & Wik 
Boktr. AB, Uppsala, Sweden, to whom cheques, money orders and drafts should be made payia le. 
All communications regarding advertising, subscriptions, change of address, etc., should be 

to Almqvist & Wiksell, 26 Gamla Brogatan, Stockholm, Sweden. A subscription will be consid: 
renewed unless cancelled ten days at the latest before the commencement of a new volt : 
Requests for duplicate copies of numbers that have gone astray can only be considered if m de 
within a fortnight of receipt of the next following number. 
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diatrisk prax 


VID KLADA Theralen har en specifik kladstillande verkan, vilken sannolikt 
bl.a. beror pa den utpraglade antihistamineffekten i forening med de sedativa 
egenskaperna. SOM SEDATIVUM Theralens sedativa och neuroleptiska egen- 
skaper kan med férdel utnyttjas inom barnpsykiatrin. Speciellt vardefullt synes 
Theralen vara vid s.k. beteenderubbningar, ddr man oftast erhdllit en normalisering. 
VID SOMNRUBBNINGAR | de fall da man énskar undvika barbiturater dr 
Theralen i nd&got hdgre dosering ett verksamt hypnotikum till barn. FOR 
PREMEDICINERING Med Theralen erhdlles en god preoperativ sedering 
hos barn utan de postoperativa besvdr som barbiturater sé ofta orsakar. VID 
INFEKTIONSSJUKDOMAR D6 Theralen férutom sedativa, hypnotiska och 
antiemetiska egenskaper Gven har en viss hostlindrande effekt samt verksamt 
reducerar en dkad nasal sekretion, Gr Theralen synnerligen val lampad som 
adjuvans vid behandling av t. ex. akuta évre luftvdgsinfektioner och de vanliga 


barnsjukdomarna. 


ADMINISTRATIONSFORMER: jDragéer 4 5 mg Syrup 4 0,5 mg/ml 
Glas 4 25, 50, 100 och 500 st. Flaska 4 100, 250 och 1000 mi 
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Acta Allergologica 


Redactores: K. Baagoe, Kolding, H. Bergstrand, Stockholm, P. Bonnevie, Kobenhavn, G. Dohlman, 
Lund, P. Frenckner, Stockholm, S. Hellerstrém, Stockholm, E. Jarlov, Kobenhavn, W. Kerppola, 
Helsingfors, M. Kobro, Oslo, H. Malmros, Lund, Eggert Moller, Kobenhavn, U. Siirala, Turku 
(Abo), C.E. Sonck, Helsingfors, U. Fabiano Alves, Rio de Janeiro, P. Blamoutier, Paris, C. J.C. 
Britton, London, M. Damas Mora, Lisboa, J. Duchaine, Bruxelles, F.J. Farrerons, Barcelona, 
A.W. Frankland, London, B. N. Halpern, Paris, W. Jadassohn, Genéve, H. Kammerer, Miinchen, 
F. Kogoj, Zagreb, J. Lévinton, Buenos Aires, J. Liska, Praha, F. M. Rackemann, Boston, U. Sera- 
fini, Firenze, Ch. Sutherland, Melbourne, Q. van Ufford, Utrecht. 
Editors: Ernst B. Salén, Stockholm, Egon Bruun, Kobenhavn. 
Subeditors: H. Colldahl, Stockholm, N. Danbolt, Oslo, Z. Eriksson-Lihr, Helsingfors. 
Subscription: Dan. Kr. 65:-, postage Dan. Kr. 5:-. Two vols. per year. 


Acta Chemica Scandinavica 


Editors: Karl Myrbick (Editor-in-chief), Stockholm, J. A. Christiansen, Copenhagen, 
Olav Foss, Bergen, A.I. Virtanen, Helsinki. 
Executive Secretary: Gunnar Neumiiller, Stockholm, Sweden. 
Subscription: Dan. Kr. 153:-, postage Dan. Kr. 12:-. One vol. per year. 


Acta Ophthalmologica 


Redactores: Gunnar v. Bahr, Uppsala, Olaf Blezvad, Kobenhavn, Sven Larsson, Lund, Hans 
Peter Petersen, Oslo, Thore Lie Thomassen, Oslo, Ulfar Thordarson, Reykjavik, Mauno Vannas 
Helsingfors, Sigurd Werner, Abo. 

Editor: Holger Ehlers, Kobenhavn. 

Redigenda curavit: Poul Brendstrup, Kebenhavn. 

Subscription: Dan. Kr. 70:-, postage Dan. Kr. 7:-. One vol. per year. 


Acta Orthopaedica Scandinavica 


Patrik Haglund, Fundator. 
Redactores: Ivar Alvik, Oslo, A. Bertelsen, Kobenhavn, Sten Friberg, Stockholm, John Hald, 
Oslo, K. E. Kallio, Helsinki, P. Liitken, Aalborg, A. Langenskiéld, Helsinki, G. Wiberg, Lund. 
Editor: Sten Friberg, Stockholm. Redigenda curavit: 8. von Rosen, Allmanna Sjukhuset, Malmé, 
Sweden. Subscription: Dan. Kr. 60:-, post free. One vol. per year. 


Acta Pathologica et Microbiologica Scandinavica 


Redactores: C.G. Ahlstrém, Lund, J. Engelbreth-Holm, Kebenhava, O. Jirvi, Abo, K. A. Jensen, 
Kobenhavn, G. Léfstrém, Uppsala, K.O. Renkonen, Helsingfors, Olav Torgersen, Oslo, 
Th. M. Vogelsang, Bergen. 
Redigenda curavit: Tage Kemp, Tagensvej 14, Kobenhavn. 
Subscription: Dan. Kr. 60:-, postage Dan. Kr. 5:- 


Acta Pharmacologica et Toxicologica 


Iussu Societatis Pharmacologicae Scandinavicae Edita. Redactores: Gunnar Ahlgren, Lund, Ernst 
Bardny, Uppsala, Svend Dalgaard-Mikkelsen, Kobenhavn, Ottar Dybing, Oslo, Ib Holm-Jensen, 
Arhus, Erik Jacobsen, Kebenhavn, Jacob Molland, Oslo, Aimo Pekkarinen, Abo, Carl G. Schmiter- 
léw, Stockholm, Bérje Uvnis, Stockholm, Armas Vartiainen, Helsinki, Hakon Westermark, Hel- 
sinki. Redigenda curavit: Knud O. Meller, Kobenhavn. 
Subscription: Dan. Kr. 65:-, postage Dan. Kr. 3:50. Three vols. per year. 


Acta Psychiatrica et Neurologica Scandinavica 


Redactores: Niis Antoni, Stockholm, A. Biemond, Amsterdam, E. Busch, Kobenhavn, E. Essen- 
Miller, Lund, Mogens Fog, Kobenhavn, L. v.d. Horst, Amsterdam, Martti Kaila, Helsingfors, 
Gabriel Langfeldt, Oslo, G. H. Monrad-Krohn, Oslo, Herbert Olivecrona, Stockholm, Arrno Snell- 
man, Helsingfors, Arne Torkildsen, Oslo, Gunnar Wohlfart, Lund. Redigenda curaverunt: Erik 
Strémgren, Risskov, Arhus, and Torben Fog, Margrethevej 31, Hellerup. 
Subscription: Dan. Kr. 65:-, postage Dan. Kr. 10:-. One vol. per year. 


Acta Tuberculosea Scandinavica 


Redactores: M. R. Heynsius van den Berg, Amsterdam, W. Bronkhorst, Bilthoven (Holland), 
E. Larmola, Kiljava (Finland), Vorma Patiilaé, Helsinki, J. Heimbeck, Oslo, Alf Westergren, 
Stockholm, Sigurdur Sigurdsson, Reykjavik, H. Mollgaard, Kebenhavn, John Lundquist, Stock- 
holm, Alex. Tuxen, Vardaasen (Norge), Knud Winge, Kebenhavn. Editor: Niels Sjorslev, Sct 
Nikolajvej 13, Kebenhavn. 
Subscription: Dan. Kr. 75:-, postage Dan. Kr. 5:-. Two vols, per year. 


Subscriptions and advertisements for these Acta should be forwarded under the names of the 
respective Acta, address: Munksgaard, Norregade 6, Copenhagen. Manuscripts to be forwarded 
to the Editor or the redigenda curavit. 
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LBYL Minor 


LBYL MINOR innehiller acetylsalicylsyra motsvarande en halv 
byl-tablett. Tabletterna, som ar forsedda 
ed delskara, air smaksatta, varf6r 
LBYL MINOR Ar speciellt lamp- 
barnpraxis. 
NDIKATIONER: 
irkylningssjukdomar, lattare 
ber, vark. 

OSERING: 

an: 1/2—1 tablett at gangen. 
ives ej at spadbarn. 
ORPACKNING: 

sk « 50 tabletter 1:15. 
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Sdkerhet i varje avseende 


Orisulf 


sulfafenazol 


hég terapeutisk verkan med laéga doser 


tabletter 40,5 g 


mixtur 10-procentig suspension 


ampuller 4 5 ml med 1 g som Na-salt 


dosering i 12-timmarsrytm ger konstant blod- 
och vavnadsspegel utan kumulationsrisk 


gynnsamma utséndringsférhdllanden 
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Acta Chirurgica Scandinavica 


EpiTor: John Hellstrém, M.D., Karolinska sjukhuset, 
Stockholm 60, Sweden. 

EDITORIAL BOARD: in Denmark, N. Blixenkrone- 
Moller, E. Dahl-Iversen, E. Husfeldt; in Finland, 
K. R. Inberg, A. R. Klossner, V. Seiro; in Norway, 
H. G. Gade, H. Fr. Harbitz, C. Semb; in Iceland, G. 
Thoroddsen; in Sweden, J. Hellstrém (Editor), O. 
Hultén, R. Romanus, Ph. Sandblom. 

Subscription: Sw. kronor 40.— in Scandinavian coun- 
tries, Sw. kronor 45.— outside Scandinavia. Address: 
Tryckerigatan 2, Stockholm 2, Sweden. 


Acta Dermato-Venereologica 


EDITOR: Sven Hellerstrém, M.D., Karolinska sjuk- 
huset, Stockholm 60, Sweden. 

EDITORIAL STAFF: in America, H. Goodman, D.M. 
Pillsbury, M. Sulzberger; in Australia, J. C. Belisario; 
in Denmark, H. Haxthausen f; in England, A. Gray; 
in Finland, T. Putkonen; in France, L. M. Pautrier; 
in Germany, A. Marchionini; in Holland, H. W. Sie- 
mens; in Norway, N. Danbolt; in Sweden, G. Iager- 
man, S. Hellerstrém, E. Hollstrém, A. Nilzén, G. 
Seeberg, N. Thyresson; in Switzerland, G. Miescher. 

Subscription: Sw. kronor 55.—. Address: Acta Der- 
mato-Venereologica, Karolinska Sjukhuset, Stock- 
holm 60, Sweden. 


Acta Medica Scandinavica 

EpITOR: Birger Strandell, M.D., Stockholm, Sweden. 

EDITORIAL BOARD: in Denmark, K. Brochner-Morten- 
sen, C. Holten, Knud Lundbek, Eggert Moller, Erik 
Warburg; in Finland, Bertel von Bonsdorff, P. Brum- 
mer, P. I. Halonen, William Kerppola, F. Saltzman, 
I. Vartiainen; in Iceland, S. Samuelsson; in Norway, 
O. J. Broch, J. Boc, Olav Hanssen, Carl Miiller, 
P. A. Owren, H. A. Salvesen, Hans Jacob Ustvedt; in 
Sweden, Erik Ask-Upmark, G. Biérck, H. Lagerléf, 
Haqvin Malmros, Martin Odin, Nanna Svartz, Jan 
Waldenstrém, Erik Wassén, Lars Werké; in 7'he 
Netherlands, J. G. G. Borst, F. S. P. van Buchem, P. 
Formijne, C. D. de Langen, J. Mulder, A. Querido. 

Subscription: Sw. kronor 45.— per volume. (Plus Sw. 
kr. 1.50 postage.) In the Scandinavian countries and 
in Holland Sw. kronor 40.—. Address: Acta Medica 
Scandinavica, P. O. Box 2052, Stockholm 2. 


Acta Obstetricia et Gynecologica Scan- 
dinavica 


DITOR-IN-CHIEF: Alf Sjévall, Lund. 

\SSOCIATE EpitTors: E. Rydberg, Copenhagen; E. A. 
Ljérkenheim, Helsingfors; A. Sunde, Oslo. 

tnnual subscription (1 volume): Sw. kronor 55.— (in- 
luding postage) for Scandinavia, Finland, and Ice- 
ind, and Sw. kronor 65.— (including postage) for 
Foreign countries. Single copies are Sw. kronor 
20.— (including postage). Editorial Office: Kvinno- 
kliniken, Lund Sweden. 


Acta Odontologica Scandinavica 


EDITORIAL BOARD: in Denmark, P. O. Pedersen (Edi- 
tor); in Finland, Aimo V. Rantanen; in Norway, 
Jens Werhaug; in Sweden, Gite Nyquist. 

Subscription: $ 8.50 + Sw. kronor 3.— postage outside 
Scandinavia. Address: Nybrogatan 53, Stockholm 0, 
Sweden. 


Acta Oto-Laryngologica 


EDITOR: Paul Frenckner, M.D., Karlaviigen 41, Stock- 
holm 0, Sweden. Co-EpDITOR: Torsten Skoog. 

CONSILIUM EDITORIUM: G. Dohlman, C.-A. Hamber- 
ger, Lennart Holmgren, C. O. Nylén. 

EDITORIAL OFFICE: Karlaviigen 41, Stockholm O. 

BUSINESS OFFICE: P.O. Box 400, Uppsala, Sweden. 

Subscription: Sw. kronor 60.—. Supplements included. 


Acta Peediatrica 


EpItor: A. Wallgren, Karolinska sjukhuset, Stock- 
holm 60, Sweden. 

Co-EDITOR: B. Vahlquist, Uppsala, Sweden. 

ADVISORY BOARD: in Dania, Bent Andersen, Oluf Ander- 
sen, P. Plum; in Fennia, N. Hallman, P. Heinié, 
V. Rantasalo, C.-E. Riihii, T. Salmi, Arvo YIppé; 
in Hollandia, S. van Creveld, J. van Lookeren Cam- 
pagne, J. P. Slooff; in Norvegia, R. Rinvik, Leif 
Salomonsen, L. Stoltenberg, A. Sundal; in Suecia, 
C. Gyllenswiird, John Lind, Bertil Lindquist, N. 
Malmberg, S. Siwe, W. Wernstedt, R. Zetterstrém. 

Subscription: Sw. kronor 50.—. Supplements included. 


Acta Physiologica Scandinavica 


EpIToR: U.S. v. Euler, M.D., Karolinska Institutet, 
Stockholm 60, Sweden, 

EDITORIAL BOARD: in Denmark, F. Buchthal; in Fin- 
land, Y. Reenpiiii; in Norway, R. Nicolaysen; in 
Sweden, Y. Zotterman. 

Subscription: Sw. kronor 55.— per volume (three vol- 
umes annually), Address: Karolinska Institutet, 
Stockholm 60, Sweden. 


Acta Radiologica 


Epitor: E. Lindgren, M.D., Stockholm. 

EDITOR ADIUVANS: Olle Olsson, M.D., Lund. 

REDACTORES: in Dania, C. Krebs, J. Nielsen; in 
Fennia, S. Mustakallio, C. Wegelius; in Norvegia, 
T. Dale, J. Frimann-Dahl; in Suecia, S. Hultberg, 
F. Knutsson. 

Subscription: Sw. kronor 40.— per volume, postage 
Sw. kronor 3.— additional for non-Scandinavian 
countries (two volumes annually). Address: Acta 
Radiologica, Box 2052, Stockholm 2, Sweden. 


— en halvvalling med tva 
anvandningsomraden — 


bade tillagg 
och ersattning 


Findus Tilligg ar en 
halvvalling, som tiic- 
ker tva behov. Den 
kan anvindas dels 
som tillagg till mo- 
dersmjélk och dels 
som ersattning 
modersmjélken helt 
saknas. 


350 g—ricker till 2 1/2 
liter fardig halvvalling. 


NY SAMMANSATTNING 
UTAN RORSOCKER 

Findus Tillagg innehaller 
ej rorsocker och smakar 
darfor inte sott. Mangden 
mjolksocker har miaskats 
och ersatts med enzymned- 
bruten stirkelse (maltos— 
dextrin — glykos). 

MED FLEROMATTAT FETT 
Ca 4 % av kalorierna i 
Findus ‘Tillagg kommer 
fran den omattade fettsy- 
san linolsyra, vilket mot- 
svarar vad barnen far vid 
brostupptodning. 

OKAD KALORIHALT 
Fetthalten i Findus Tillage 
har hojts, varfor kalori- 
halten nu dr nagot hogre. 
1 liter fardig halvvalling 
ger 665 kalorier. 

EJ STOPPANDE 

Tack vare den nya sam- 
mansattningen verkar 
Findus Tillagg inte stop- 
pande. 


— 


fOR SPADBARH 
UNDER @-MAN, 


NY FORPACKNING 
LUFTTAT 

Det nya latthanterliga pa- 
ketet dr invandigt klatt 
med plastbelagd alumini- 
umfolic. Tack vare att 
forpackningen dr lufttat. 
bevarar pulvret sin farsk- 
het och vardefulla naring. 


PLASTMATT 

Varje paket innehaller ett 
praktiskt plastmatt, som 
rymmer 1/3 dl. Vid tillag- 
ning anvandes 2 matt pul- 
ver till 2 dl vatten. 
TYDLIG DATUMSTAMPEL 
Datumstamplingen pa 
Findus Tillage har 
tydlighetens skull place- 
rats pa paketets ovansida. 


Findus 


LAGRE PRIS 


Kostnaden for 1 liter far- 
dig halvvalling varierar 
mellan ca 75—95 Gre, be- 
roende pa prissittningen i 
butikerna. 


Barnmat iir en 
hjiirtesak for 
FINDUS 


©. 


Tillagg under 


standig kontroll av barnldkare. 


Uppsala 1961. 


Almqvist & Wiksells Boktr. AB 61173116 
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